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COMPOSITIONS AND METHODS FOR ACTIVATING INNATE 
AND ALLERGIC IMMUNITY 

TECHNICAL FIELD 

The present invention relates generally to immimomodulatian and, more 
specifically, to therapeutic uses of immunostimulatory Proteosome compositions for 
inducing a nonspecific immune response (such as an innate immune response) so tibat 
an adaptive inamune response is potentiated or enhanced, or to induce both a 
nonspecific immune response and a specific adaptive immune response, such that 
infectious disease is treated or prevented, or to modulate an immune response for 
treating or preventing an inflammatory reaction, such as allergic asthma 

BACKGROUND OF THE INVENTION 

Some microbial pathogens are capable of causing fatal infections even 
when faced with a robust host immune response. Nonetheless, control of rampant 
infectious disease has been generally successful in modem society by using strict public 
health measures, drugs (such as antibiotics), and vaccines. Vaccines typically include 
an attenuated microbe or a microbial antigen to activate a specific (adaptive) immune 
response. Hie ability of an antigm to induce a protective inmaune response in a host 
can be enhanced by formulating the antigen with an immunostimulant or an adjuvant. 
Alum-based adjuvants are almost ©cclusively used for licensed, injectable human 
vaccines. However, the ad^tive immune response requires signals that provide 
information about the origin of the antigen (ie,, self versus non-self antigens) and the 
type of response to be induced (Le., a T cell and/or B cell response), Evid^ce recently 
accumulated indicates that these signals may be provided by the innate immune system 
{see, e.g., Fearon and Locksley, Science 272:50, 1996; Medzhitov and Janeway, Curr. 
Opin. Inmunol 9:4, 1997), 

Innate immunity is the first line of antibody-independent defense against 
infections and, in many instances, can eliminate infectious agents. The components of 
innate immunity recognize structures that are characteristic of microbial pafliogens and 
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are not present on mammalian cells. The principle effector cells of innate immunity are 
neutrophils, mononuclear phagocytes, and natural killer (NK) cells. Neutrophils and 
macrophages express surface recqjtors that recognize microbes in the blood and tissues, 
and either stimulate the ingestion (phagocytosis, e.g. , mamiose or opsonin receptors) or 
5 activate phagocytes not involved in ingestion (e.g. , Toll-like receptors, TLRs). The 
effector mechanisms of innate immunity are often used to eliminate microbes, even in 
an adaptive immune response. Thus, the innate inmiune response can provide signals 
that function in concert with antigen to stimulate the proliferation and difierentiation of 
antigen-specific (adaptive) T and B lymphocytes. 

10 An efficient immune response depends on the communication between 

the innate and adaptive immune responses. The T lymphocyte is important &r 
coordinating the adaptive immune response by controlling the release of effector 
molecules. For example, T helper (Th) 1 cells produce interleukin-2 (IL-2), tumor 
necrosis factor alpha (TNF-a), and interferon gamma (IFN-y), which are important for 

15 the development of cell-mediated immunity (Mosmann et al, J. Immunol 136: 2348, 
1986; Street and Mosmann,i^4S£5 J, 5: 171, 1991). In contrast, Th2 cells produce IL- 
4, 1]>13, IL-5, IL-9, IL-6 and IL-10, which are important for the stimulation of IgE 
production, mucosal mastocytosis, and eosinophilia (Mosmann et al.; Street and 
Mosmann). While a shift toward a Thl or Th2 phenotype may be important for the 

20 defense against pathogens, a shifl in one direction or another can also be associated 
with the induction of autoimmune disease (Thl) or inflammatory disease (Th2). 

In inflammatory diseases, such as allergy or asthma, the fine balance 
between the Thl , Th2 and T regulatory cytokine responses appears to shift toward a 
Th2 phenotype. For example, asthma is a complex inflammatory disease of the lung 

25 characterized by variable airflow obstruction, airway hyperresponsiveness (AHR), and 
airway inflammation. Although asthma is multifactorial in origin, the inflanamatory 
process (in the most common form of asthma, referred to as extrinsic or allergic 
asthma) is believed to be the result of an abnormal immune response to commonly 
mhaled allergens. The presentation of inhaled allergens to CD4+ T cells in the lungs of 

30 susceptible individuals results in the production of Th2 cytokines, IL-4, IL- 1 3 and IL-5, 
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which control the differentiation, recruitment, and activation of mast cells and 
eosinophils in the airway mucosa. These efiFector cells release a variety of 
inflammatory mediators (e.g., histamine, mucous secretogues, eosinophil-derived basic 
proteins, proteases). The mediators either individually or in concert cause acute 

5 bronchoconstriction, disruption of the airway epithelial layer, alterations in neural 
control of airway tone, increased mucus productioa, and increased smooth muscle cell 
mass, Eacdi of these consequences of the inflammatory process may cause or occur in 
combination with AHR. The incidence, morbidity, and mortality of asthma has 
increased worldwide over the last two decades, and the existing anti-inflammatory 

10 medications (such as corticosteroids) have limitations in that Uie disease is not modified 
(/.e, only flie symptoms are treated, which will return if the medication is discontinued) 
and these medications are associated with the potential for significant side effects. 

Hence, a need exists for identifying and developing immunostimulatory 
compositions that are therapeutically effective against microbial infections and 

1 5 immunopathologic (e.g. , inflammatory) responses to such infections, particularly 

compositions that can potentiate or enhance protective immimity, and compositions that 
can suppress an immunopathologic response. The present invention meets such needs, 
and further provides other related advantages. 

BRIEF SUMMARY OF THE INVENTION 

20 The invention described herein provides methods for making and using 

therapeutic formulations of Proteosome-based immunoactive compositions. 
Immunostimulatory compositions, which include Proteosomes and liposacchaiides, 
may be used to elicit or enhance a nonspecific innate immune response to treat or 
prevent infectious disease. In addition, after activating the iimate immune system, 

25 immunogenic compositions further containing an antigen may be used to elicit a 

specific adaptive immiuie response. Furthermore, provided are compositions capable of 
altering hyperreactive responses or inflammatory imocnune responses, such as allergic 
reactions. 
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In one embodiment of the invention is provided a method for eliciting a 
nonspecific immune response, comprising administering to a subject an 
immunostimulatory composition in an amount sufficient to elicit a nonspecific immune 
response, wherein the immunostimulatory composition comprises Proteosomes and 
5 liposaccharide. In one embodiment, the nonspecific immune response is an innate 
immune r^ponse that prevents or treats a microbial infection, wherein the microbial 
infection is a viral, parasitic, fungal, or bacterial infection. In a particular embodiment, 
the microbial infection is a viral infection, wherein the viral infection is an influenza 
infection. In one embodiment, the immunostimulatory composition is administered by 

10 a route selected from at least one of mucosal, enteral, parenteral, transdermal, 

transmucosal, nasal, and inhalation. In an embodiment, the liposaccharide final content 
by weight as a percentage of Proteosome protein ranges from about 1% to 500%, In 
certain embodiments, the proteosomes and liposaccharide are obtained from the same 
Gram-negative bacterial species, or the proteosomes axe obtained from a first Gram- 

15 negative bacterial species and the liposaccharide is obtained from a second Gram- 
negative bacterial species. In a particular embodiment, the liposaccharide is obtained 
from a Gram-negative bacterium selected firom at least one of Shigella species. 
Chlamydia species. Yersinia species, Pseudomonas species, Plesiomonas species, 
Escherichia species, Porphyromonas species, and Salmonella species. In a particular 

20 embodiment, the Proteosomes are obtained from Neisseria species, and in another 
particular embodunent, the Proteosomes are obtained horn Neisseria )neningitidis, and 
the liposaccharide is obtained from Shigella JlexnerL 

In another embodiment, the mettiod provided further comprises 
administering to flie subject an immunogenic composition after administering the 

25 immunostimulatory composition, wherein the immunogenic composition comprises 
Proteosomes, liposaccharide, and a microbial antigen, wherein the microbial antigen is 
a viral antigen, a bacterial antigen, a fungal antigen, or a parasitic antigen. In a 
particular embodiment, the microbial antigen is recombinant. In other embodiments, 
the microbial antigen is a bacterial antigen obtained from Bacillus anthracis, Chlamydia 

30 trachomatis, Yersinia pestis, or Enteropathogenic Escherichia coli. In a particular 
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embodiment, the bacterial antigen is Protective Antigen from Bacillus anthracis. In 
another particular embodimait, the microbial antigen is a viral split antigen, wherein 
the viral split antigen is an influenza split antigen. In. certain embodiments, the 
immunogenic composition comprises at least two microbial antigens, v^ch may be 
5 obtained from the same microorganism, which is a virus, bacteria, fungus, or protozoa, 
or may be obtained from different microorganisms. The immimogenic composition 
elicits an adaptive immune response according to certain embodiments. According to 
particular embodiments, the ratio of the weight of Proteosomes and liposaccharide of 
the immunogenic composition to the weigjit of the microbial antigen of the 

10 immunogenic composition is within a range from 4:1 to 1:4, 1:1 to 1:500, or 1:1 to 
1 :200. In other embodiments, the immunogenic composition is administa-ed about one 
to about ten days or about one to seven days after the immunostimulatory composition, 
and in other certain embodiments, at least one of the immunostimulatory composition 
and the immunogenic composition further comprise a pharmaceutically acceptable 

15 carrier. 

The invention also provides a method for treating or preventing a 
microbial infection, comprising (a) admmisteringto a subject an immunostimulatory 
composition, wherein the immunostimulatory composition comprises Proteosomes and 
liposaccharide, in an amount and under conditions sufficient to elicit an innate immune 

20 response; and (b) administering to the subject an immunogenic composition, wherein 
tiie knmunogenic composition comprises Proteosomes, liposaccharide, and a microbial 
antigen, in an amount and under conditions sufficient to elicit an adaptive immune 
response, such that the microbial infection is treated or prevented, wherein the 
microbial infection is a viral, parasitic, fungal, or bacterial infection. In a particular 

25 embodiment, the microbial infection is a viral infection, wherein the viral infection is an 
influenza infection. In a particular embodiment, the immunostimulatory composition is 
administered about one to about ten days before the immunogenic composition. In one 
embodiment, each of the immunostimulatory composition and the immunogenic 
composition is administered by a route selected from at least one of mucosal, enteral, 

30 parenteral, transdermal, transmucosal, nasal, and mhalation; and in a particular 
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embodiment the compositions are administered nasally. According to one embodiment, 
the liposaccharide final content by weight as a percentage of Proteosome protein ranges 
from about 1% to 500% in eadi of the immunostimulatory and immxmogenic 
compositions. In particular embodiments, the Proteosomes and the liposaccharide of 
5 the immunostimulatory composition are obtained from the same Gram-negative 
bacterial species or the Proteosomes and the liposaccharide of the immunostimulatory 
composition are obtained from the different Qram-aegative bacterial species. In 
anoflier particular embodiment, the Proteosomes and the liposaccharide of the 
unmunogenic composition are obtained from the same Gram-negative bacterial species, 
10 or the Proteosomes and the liposaccharide of the immunogenic composition are 
obtained from different Gram-negative bacterial species. In other particular 
embodiments, Ihe Proteosomes of the immunostimulatory and immunogenic 
compositions are obtained from Neisseria species, and at least one of the 
liposaccharides of the immunostimulatory and immunogenic compositions is obtained 
15 from at least one of Shigella species. Chlamydia species. Yersinia species, 

Pseudomonas species, Plesiomoiias species, Escherichia species, Porphyromonas 
species, and Salmonella species. In another specific embodiment, the Proteosomes of 
each of the immunostimulatoiy and inmiunogenic compositions are obtained from 
Neisseria meningitidis, and the liposaccharide of each of the immunostimulatory and 
20 immunogenic compositions is from Shigella flexneri. flie microbial antigen is a viral 
antigen, a bacterial antigen, a fimgal antigen, or a parasitic antigen. In a particular 
embodiment, the microbial antigen of the immunogenic composition is recombinant. In 
other embodiments, the microbial antigen is a bacterial antigen obtained from Bacillus 
anthracis, Chlan^dia trachomatis, Yersinia pestis, ox Enteropathogenic Escherichia 
25 coll In a particular embodiment, the bacterial antigen is Protective Antigen from 
Bacillus anthracis. In another particular embodiment, the microbial antigen is a viral 
split antigen, wherein the viral split antigen is an influenza split antigen. In certain 
embodiments, die immunogenic composition comprises at least two microbial antigonis, 
which may be obtained from the same microorganisni, which is a virus, bacteria, 
30 fungus, or protozoa, or may be obtained from different microorganisms. The 
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immunogenic composition elicits an adaptive immune response according to certain 
embodiments. The immunogenic composition elicits an adq^tive immune response 
according to certain embodiments. According to particular embodiments, the ratio of 
the weight of Proteosoraes and liposaccharide of the immunogenic composition to flie 
5 weight of the microbial antigen of the immunogenic composition is within a range jfirom 
4:1 to 1:4, 1:1 to 1:500, or 1:1 to 1:200. In other embodiments, the immunogenic 
composition is adnunistered about one to seven days or about one to about ten days 
after the immunostiraulatory composition, and in other certain embodiments, at least 
one of the immunostunulatory composition and the immunogenic composition further 
1 0 comprise a pbannaceutically acceptable carrier. 

Also provided is a method for altering an inflammatory immune 
response, comprising administering to a subject an immunomodulatory composition in 
an amount sufficient to alter an inflammatory inunvme response, wherein the 
immunomodulatory composition comprises Proteosomes and a liposaccharide, wherein 
15 the immunomodulatory composition is admmistered by a route selected from at least 
one of mucosal, enteral, parenteral, transdermal, transmucosal, nasal, and inhalation. In 
a particular embodiment, the liposaccharide final content by weight as a percentage of 
Proteosome protein ranges j&om about 1% to 500%. In a certain embodiment, the 
Proteosomes and liposaccharide are obtained from the same Gram-negative bacterial 
20 species, and in another certain embodiment, the Proteosomes and liposaccharide are 
obtained from different Gram-negative bacterial species. The Gram-negative bacterial 
species, according to cotain embodiments, is selected from at least one of Shigella 
species, Chlamydia species. Yersinia species, Pseudomonas species, Plesiomonas 
species, Escherichia species, Porphyromonas sp., and Salmonella species. In a 
25 particular embodiment, the Proteosomes are obtained from Neisseria species. In 
another particular embodiment, the Proteosomes are obtained from Neisseria 
meningitidis and the liposaccharide is obtained from Shigella flexnerL 

In one embodiment, the method for altering an inflammatory immune 
response, comprising administering to a subject an immunomodulatory composition in 
30 an amoimt sufficient to alter an inflammatory immune response, wherein the 
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iramunomodulatory composition comprises Proteosomes and a liposaccharide further 
comprises administering to the subject an immunogenic composition after 
administering the immunomodulatory composition, wherein ttie immunogenic 
composition comprises Proteosomes, a liposaccharide, and an antigen. In a certain 
5 embodiment, the immxmogenic composition comprises at least one microbial antigen, 
wherein the at least one microbial antigen is viral, bacterial, fungal, or parasitic. 
According to particular embodiments, Ihe ratio of the weight of Proteosomes and 
liposaccharide of the immunogenic composition to tibe weight of the microbial antigen 
of tile immunog^c composition is within a range fiom 4:1 to 1:4, 1:1 to 1:500, or 1:1 

10 to 1 :200. In a particular embodiment, the antigen of the inununogenic composition is 
recombinant In another embodiment, the antigen of the immunogenic composition is 
bacterial, which bacterial antigen is obtained fiom Bacillus antliracis, Chlamydia 
trachomatis, Yersinia pestis, or Enteropathogenic Escherichia coU. In a certain 
embodiment, the bacterial antigen is Protective Antigen from Bacillus aiithracis. In 

15 another certain embodiment, the antigen of the immunogenic composition is a viral split 
antigen, and in a particular embodiment, the viral split antigen is an influenza split 
antigen. In another embodiment, the immunogenic composition is administered about 
one to about ten days after the inamunomodulatory composition, and in another 
particular embodiment^ the immunogenic corapositicm elicits an adaptive iuMnune 

20 response. In certain particular embodiments, the inflammatory immune response is 
asthma or an allergic reaction. According to a particular embodiment, at least one of 
the immunomodulatory composition and the immunogenic composition ftirther 
comprises apharmaceutically acceptable carrier. 

Also provided is a method for treating or preventing an allergic reaction, 

25 comprising (a) administering to a subject in need thereof an immunomodulatory 

composition, wherein the immunomodulatory composition conxprises Proteosomes and 
a liposaccharide, in an amount and under conditions sujBBcient to alter an inflanrunatoiy 
immune response; and (b) administering to tlie subject an immunogenic composition, 
wherein the immunogenic composition comprises Proteosomes, liposaccharide, and an 

30 allergen, in an amount and under conditions sufficient to elicit tolerance to the allergen. 
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such that the allergic reaction is treated or prevented, wherein each of the 
immunomodulatory composition and the immunogenic composition is administered by 
a route selected firom at least one of mucosal, enteral, sublingual, parenteral, 
transdermal, transmucosal, nasal, and inhalation. In a particular embodiment, the 
5 immunomodulatory composition is administered about one to about ten days before the 
immunogenic composition. In one particular embodiment, the liposaccharide final 
content by weight as a percentage of Proteosome protein ranges from about 1% to 
500% m each of the immunomodulatory and immunogenic compositions. In one 
embodiment, the Proteosomes and liposaccharide of the immunomodulatory 

10 composition are obtained from the same Gram-negative bacterial species, and in 
another embodiment, the Proteosomes and liposaccharide of the inmiunomodulatory 
composition are obtained from different Gram-negative bacterial species. In another 
particular embodiment, the Proteosomes and liposaccharide of the immunogenic 
composition are obtained from the same Gram-negative bacterial species, and in still 

1 5 another particular embodiment, the Proteosomes and liposaccharide of the 

immunogenic composition are obtained from different Gram-negative bacterial species. 
In one particular embodiment, the Proteosomes of each of the immunomodulatory and 
immunogenic compositions are obtained horn Neisseria species and the liposaccharide 
of at least one of the immunomodulatory composition and the immunogenic 

20 composition is obtained from at least one of Shigella species. Chlamydia species, 
Yersinia species, Pseudomonas species, Plesiomonas species, Escherichia species, 
Porphyromonas species, and Salmonella species. In a certain particular embodiment, 
the Proteosomes of each of the iaamunomodulatory and immunogenic compositions are 
obtained from Neisseria meningitidis, and the liposaccharide of each of the 

25 mmiunomodulatory and immunogenic compositions is obtained from Shigella flexneri. 
In another embodiment, the immunogenic composition fiirther comprises at least two 
allergens. In another embodiment, the allergen is a microbial antigen. In certain 
embodiments, the ratio of the weight of Proteosomes arid liposaccharide of the 
immunogenic composition to the weight of the allergen of the immunogenic 

30 composition is within arange itom 4:1 to 1:4, within arange from 1:1 to 1:500, or 
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within a range from 1 : 1 to 1 :200. In certain particular embodiments, the allergen of the 
immunogenic composition is recombinant, and in other embodiments, the allergen is a 
bacterial antigen. In still another embodiment, the allergen of the immunogenic 
composition is selected from at least one of an inhaled particle, pollen, vapor, gas, food, 
beverage, drug, toxin, mio-obial antigen, dander, animal-derived compounds, dust mite 
feces, polypeptide, carbohydrate, and nucleic acid. In a particular embodiment, the 
allergen is birch pollen. In another embodiment, the immunogenic composition is 
administered about one to about seven days or about one to about 10 days after the 
immunomodulatory composition. In another embodiment, the allergic reaction is at 
least one of asthma, allergic alveolitis, allergic bronchopulmonary aspergillosis, allergic 
conjmctivitis, allergic coryza, allergic dermatitis, allergic vasculitis, and allergic 
rhinitis. In a particular embodiment, at least one of the immunomodulatory 
composition and the immunogenic composition fijrther comprises aphaimaceutically 
acceptable carrier. 

Also provided herein is a method for treating or preventing a microbial 
infection comprising administering to a subject an immunostimulatcay composition in 
an amount sufficient to elicit an innate immune response, wherein the 
immunostimulatory composition comprises Proteosomes and liposaccharide, and 
vrfierein the microbial infection is a viral, bacterial, parasitic, or fungal infection. In a 
particular embodiment, the microbial infection is a bacterial infection, wherein the 
bacterial infection is a Chlamydia trachomatis infection. In anotiher embodiment, the 
microbial infection is a viral infection, wherein the viral infection is an influenza 
infection. In certain embodiments, the immunostimulatory composition is administered 
by a route selected from at least one of mucosal, enteral, parenteral, transdermal, 
transmucosal, nasal, and inhalation. In one embodiment, the liposaccharide final 
content by weight as a percentage of Proteosome protein ranges from about 1% to 
500%* In other embodiments, the Proteosomes and liposaccharide are obtained from 
the same Gram-negative bacterial species, and in another embodiment, the Proteosomes 
are obtained from a first Gram-negative bacterial species and the liposaccharide is 
obtained from a second Gram-negative bacterial species. In certain embodiments, the 
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liposaccharide is obtained from a Gram-negative bacterium selected ftom at least one of 
Shigella species, Chlamydia species. Yersinia species, Pseudomonas species, 
Plesiomonas species, Escherichia species, Porphyromonas species, and Salmonella 
species. In a particular embodiment, Proteosomes are obtained from Neisseria species, 
5 and in another particular embodiment, the Proteosomes are obtained from Neisseria 
meningitidis^ and the liposaccharide is obtained fiom Shigella fiexneri. 

In one particular embodiment, is provided a method for treating or 
preventing an influenza virus infection comprising administering to a subject an 
immunostimulatory composition in an amount sufficient to elicit an innate immune 
10 response, wherein the immunostimulatory composition comprises Proteosomes and 
liposaccharide, wherein Proteosomes are obtained fiom Neisseria meningitidis^ and the 
liposaccharide is obtained fiom Shigella flexneru 

These and other aspects of the present invention will become evident 
upon reference to the following detailed description and attached drawings. 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and IB show two methods for manufacturing Proteosome 
bulk material (Flow Chart 1 A and Flow Chart IB. respectively). 

Figure 2 represents a scheme for the manufeicture oi Shigella fiexneri 2a 
LPS (Flow Chart 2). 

20 Figure 3 presents a scheme for the manufacture of IVX-'908 Proteosome- 

LPS adjuvant, which is also called Protollin™ (Flow Chart 3). 

Figures 4A-4C show serum IgG, lung IgA, and lung IgO titers, 
respectively, from mice immunized twice intranasally with 50 ^g, 20 )Lg, or 5 ^ig of Fl- 
V with Protollin (2.5, 1^ or 0.25 \ig) or without Pmtollin, or injected intramuscularly 

25 with 20 ng Fl-V adsorbed onto alum (Alhydrogel ). Half the mice were euthanized on 
day 35 post-primary immunization, and the remainder were euthanized on day 55. 
Titers are expressed as the geometric mean of specific antibody concentrations (ng/ml 
for serum IgG; ng/ml for lung IgA and lung IgG); 95% confidence limits ai-e shown, 

11 
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Figures 5 A-5D show the survival mice after challenge with lethal doses 
of aersolized Yersinia pestis. Mice were immunized twice with 20 jxg of F 1-V 
intranasally with or withoiit Protollin, or with 20 fxg of Fl-V intramuscularly adsorbed 
onto Alhydrogel® and then were challenged by whole body exposure to 169 LD50 of Y. 
5 pestis 35 days (Figure 5A) or 55 days (Figure 5B) post-primary immunization. In a 
second study, mice immunized with 50 |ig of F 1 -V intranasally with or without 1 ^ig of 
Protollin, or intramuscularly adsorbed onto Alhydrogel , were challenged by whole 
body exposure to 254 LD50 of Y, pestis 55 days post primary umnunization (Figure 5C). 
Figure 5D shows survival of mice against challenge on day 35 or day 55 with 169 LD50 

10 of aerosolized Y. pestis. Mice were immunized twice with 5 fig of F 1 -V intranasally 
with Protollin at 2.5 \xg, 1 ^g, or 0.25 \ig or without Protollin. In all studies, animals in 
the Control group received only Protollin and died when challenged with Y pestis. 

Figure 6A shows serum IgG levels and Figure 6B shows lung IgA levels 
in mice iimnunized nasally on days 0 and 14 with 5 or 25 |Lig of recombinant Protective 

15 Antigen (rPA) from Bacillus anthracis admixed with Protollin (1 ng) or without 
Protollin. 

Figures 7 A and 7B illustrate neutralization of PA-mediated killing of 
macrophages by serum and lung lavage fluid, respectively, obtained from mice that 
were immunized with rPA admixed with Protollin (PA + Protollin); rP A alone (PA); or 
20 rPA administered intramuscularly (PA (IM)) (figure legend in Fig. 7B defines symbols 
used in both Fig, 7A and 7B)- 

Figure 8A shows mortality and Figure 8B illustrates morbidity (percent 
weight change) of mice that wae immunized with Protollin 1 day (d-1), 2 days (d-2), or 
3 days (d-3) prior to challenge by inhalation administration of mouse-adapted A/H3 
25 influenza virus, hi Figure 8B, IVX == Protollin. 

DETAILED DESCRIPTION OF THE INVENTION 

Protollin™ is an outer membrane (OM)-liposaccharide (LPS) adjuvant 
fliat includes an outer membrane protein preparation called a Proteosome(s) (also 
referred to as Projuvant) prepared from Gram-negative bacteria, such as Neisseria 
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meningitidis, and one or more liposaccharides. As described herein, Protollin may be 
used to elicit a potent innate immune response that provides protection against 
pathogenic organisms. Therefore, the instant invention relates generally to the 
surprising discovery that an immunostimulatory composition comprising Protollin can 
5 stimulate a broad spectrum, antigen-independent, nonspecific immune response that can 
protect against a wide variety of infectious agents, including bacteria, viruses, fungi , 
and protozoa. In addition, Protollin may be used to modulate or alter a detrimental 
immune response minhnizing damage from an overly robust inflaimnatory response. 
Hence, the instant description also pertains to the unexpected finding that an 

1 0 immunomodulatory composition comprising Protollin can be used to suppress an 
inflammatory response, such as airway hyperresponsiveness (AHR), or to alter an 
immune response, thus minimizing a damaging inflammatory response {e.g., shifting a 
Th2 response toward a Thl phenotype). Described in more detail herein are 
immunostimulatory and immunomodulatory compositions comprising ProteosoraeiLPS 

15 or Proteosomes, as well as immunogenic compositions comprising Proteosome:LPS or 
Proteosomes formulated with one or more microbial antigens. In certain embodiments, 
the compositions are suitable for therapeutic uses such as treating or preventing a 
microbial infection by inducing a specific immune response, a nonspecific immune 
response, or both types of responses. In other embodiments, the compositions 

20 described herein are suitable for treating or preventing an inflammatory immune 

response, sudi as allergic asthma or associated complications such as AHR- The instant 
description also provides methods for preparing any of the compositions described 
herein. 

A Proteosome or Projuvant refers to a preparation of outer membrane 
25 proteins (OMPs, also known as porins) from Gram-negative bacteria, such as Neisseria 
species {see, e.g., Lowell et al., J. Exp. Med 167:658, 1988; Lowell et al.. Science 
240:800, 1988; Lynch et al., Biophys. 1 45:104, 1984; Lowell, in "New Generation 
Vaccines" 2nd ed.. Marcel Defcker, Lie-, New York, Basil, Hong Kong, page 193 
(1997); U.S. Patent No. 5,726,292; U.S. Patent No. 4,707,543), which is usefiil as a 
30 carrier or an adjuvant for immunogens, such as one or more bacterial or viral antigens. 
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Proteosomes are hydrophobic and comparable in size to certain viruses and are safe for 
human use. Proteosomes have the capability to auto-assemble into vesicle or vesicle- 
iike OMP clusters of 20-800 nm, and to noncovalently incorporate, coordinate, 
associate, or interact (e.g., electrostatically or hydrophobically), or otherwise cooperate 
5 with protein antigens (Ags), particularly antigens that have a hydi'ophobic moiety. A 
Proteosome includes the product of any preparation method that provides an outer 
membrane protein component in vesicular or vesicle-like form, including multi- 
molecular membranous structures or molten globular-like OMP compositions of one or 
more OMPs. Proteosomes may be prepared readily as described herein {see jQovvcharts 
10 of Figures 1 A and IB) and in the art {see, e.g., U.S. Patent Nos. 5,726,292 or 
5,985,284). 

Liposaccharide refers to native (isolated &om an organism or prepared 
synthetically with a native structure) or modified lipopolysaccharide or 
lipooligosaccharide (collectively, also referred to as "LPS") derived from Grani- 

15 negative bacteria. For example, a liposaccharide may be isolated fi-om or synthetically 
produced to have the same carbohydrate structure as a liposaccharide from Shigella 
flexneri or Plesiomoms shigelloides, or other Gram-negative bacteria (including species 
from the %&md.Alcaligmes, Bacteroides, Bordetella, Borrellia, Brucella, 
Campylobacter, Chlamydia, Citrobacter, Edwardsiella, Ehrlicha, Enterobacter, 

20 Escherichia, Francisella, Fusobacterium, Gardnerella, Hemophilus, Helicobacter, 
Klebsiella, Legionella, Leptospira (mcluding Leptospira interrogans), Moraxella, 
Morganella, Neisseria, Pasteurella, Proteus, Providencia, other Plesiomonas, 
Porphyromonas (including Porphyromonas gingivalis), Prevotella, Pseudomonas, 
Rickettsia, Salmonella, Serratia, oiher Shigella, Spirillum, Veillonella, Vibrio, or 

25 Yersinia species). The liposaccharide may be in a detoxified form (i.e., having the 

Lipid A or Lipid A-coi*e removed) or may be in a form that has not been detoxified. In 
the instant disclosure, tibie liposaccharide need not be and preferably is not detoxified. 
For example, an LPS that contains multiple lipid A species such as P. gingivalis LPS 
may be used in the compositions described herein {see, e.g., Darveau et al„ Infect. 
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ImmuK 72:5041-51 (2004)). The liposaccharide may be prepared, for example, as 
described in the flowchart of Figure 2. 

A Proteosome:LPS mixture or ProtoUin™ (also known as IVX or 
IVX908) described herein is a preparation of Proteosomes (Projuvant) admixed as 
5 deso-ibed herein with at least one kind of liposaccharide to provide an OMP-LPS 
composition, which can be used as an inrniunostimulatory composition. Thus, the 
OMP-LPS adjuvant or Protollin includes an outer membrane protein preparation of 
Proteosomes prepared from Gram-negative bacteria, such as Neisseria sp,, {e,g.. 
Neisseria meningitidis), and a preparation of one or more liposaccharides. Protollin 
may also include one or more lipids, glycolipids, glycoproteins, small molecules, or the 
like. Protollin may be prepared, for example, as described in the flowchart of Figure 3 
{see also, e.g,, U.S. Patent Application Publication No. 2003/0044425). 

Projuvant is generally used in conjunction with antigens (natural, 
isolated antigens or modified antigens) that possess a hydrophobic moiety (also referred 
to as a hydrophobic foot). Protollin (with exogenously added LPS) can be associated 
with an antigen containing a hydrophobic foot or can be used with an antigen(s) that 
that is hy drophilic and does not contain a hydrophobic foot domain. 

The present description generally provides inrniunostimulatory 
compositions that may mclude a Proteosome further formulated with a liposaccharide 
(Protollin). For example, a Protollin composition may be used to stimulate an 
antigen-independent nonspecific protective immune response. In addition, the 
immunostimulatory composition may be used in combination with an immunogenic 
composition to initially promote {i.e., stimulate, elicit, or enhance) a nonspecific 
inunune response and subsequently or concomitantly stimulate or elicit an adaptive 
immune response. 

By way of background and not wishing to be bound by theory, the 
immune system is designed to detect and eliminate invading pathogens by 
discriminating between self and non-self. In mammals, the immune system is believed 
to have two branches; one is referred to as innate immunity and the other as adq)tive 
immunity. The induction of innate immune responses may contribute significantly to 
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overall immune defense (Medzhitov and Janeway, Trends in Microbiol 8:452, 2000). 
Innate immunity may provide a nonspecific, first line of defense to limit infection 
immediately after exposure and also "network" with the adaptive immune response 
system by stimulating clonal responses (Hoffmann et al.. Science 284:1313, 1999). 
5 Thus, a nonspecific or innate immune response refers to an antigen-independent or 
antibody-independent immune response to pathogen-associated molecular patterns 
(PAMPs) (see, e,g., Medzhitov and Janeway, supra), such as the specific effects 
mediated by a mammalian innate immune system. For example, interaction of PAMPs 
with Toll-like receptors (TLRs) tiiat are present on phagocytic antigen presenting cells . 

10 (APCs) induces the release of pro-inflammatory cytokmes {e,g., IFN-y, TNF-a, and IL- 
12) and the up-regulation of co-stimulatory molecules, which in turn can stimulate 
adaptive immunity. 

An imniuno stimulatory composition as described herein may be any one 
or more of a protein, peptide, carbohydrate, lipid, nucleic acid, cheaiical, or other 

15 molecule, or composition thereof, that is capable of priming, potentiating, activating, 
stimulating, augmenting, boosting, amplifying, or enhancing an innate immune 
response. An iramunostimulatory ^ent or composition can mitigate, alter, treat, or 
prevent (e.g., as a prophylactic agent) an infectious disease or conditiorL A potentiated 
or activated nonspecific inamune response should be understood to be protective, even 

20 providing a broad-spectrum of protection in the absence of, or prior to, or concomitant 
with a specific antigen-dependent, antibody-dependent inmivine response. That is, an 
activated immune response can provide protection to a host from infection by a variety 
of microorganisms, including bacteria, viruses, parasites, or fungi. Representative 
examples of immunostimulatory agents or compositions as described herein m more 

25 detail, include, for example, adjuvants such as I^teosomes (^Trojuvant") or ProtoUin 
(Proteosomes :liposaccharrides). 

Not wishing to be bound by theory, induction of an immime response 
mediated by the innate immune system involves Pathogen-Associated Molecular 
Patterns (PAMPs) that may exert non-antigen, yet specific effects. Interaction of 

30 PAMPs with Toll-Like Receptors (TLRs, at least ten of whidi are know and are 
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referred to as TLR-1, TLR^2, etc.), which are present on the cell surface of phagocytic 
antigen presenting celk (APCs), for example, initiate an intracellular signal 
transduction pathway, which in turn induces the release of pro-inflammatoiy cytokines 
(e,g,, IFN-y, TNF-a, and IL- 12) and upregulation of co-stimulatory molecules that in 
5 turn can stimulate adaptive immunity. Compon^ts of innate immunity recognize 
structures that are characteristic of microbial pathogens but that are not present on 
mammalian cells, which include unique nucleic acid structures (such as CpG DNA 
sequences), complex carbohydrates (such as LPS), as well as bacterial proteins, 
lipoproteins, and peptidoglycans. For example, Neisserial porm proteins (^.g., porin A, 
1 0 porin B, which are used to prepare Proteosomes ) are recognized by TLR-2, and LPS 
from Gram-negative bacteria (which is a component of ProtoUin) is recognized by 
TLR-4. The Proteosome (Projuvant) and Protollin adjuvants may be used to stimulate 
an innate hnniune response. Moreover, through engagement of two components of 
Protollin (protein and Uposaccharide) with TLRs on APCs, Protollin may initiate a 
1 5 chain of events that leads to the induction of both innate and adaptive inmiunity. In 
addition to Toll-like receptor activation of innate immunity, Protollin may activate other 
immune system components or immune functions. LPS is understood to be 
iramunostimulatory through interactions with TLR-4 receptors present on the cell 
surfece of certain immune system cells; haice, an immune response stimulated or 
elicited by Proteosomes (Projuvant) and an immune response stimulated or elicited by 
Protollin may be qualitatively or quantitatively distinguished in a statistically significant 
manner that correlates with the ratio of OMP to LPS m Protollin. The Protollin 
compositions described herein may also include an LPS that may interact with more 
than one Toll-like receptor such as the LPS obtained from Porphyromonas gingivalis 
{see, e.g., Darveau et al.. Infect Immun. 72:5041-51 (2004)). 

An adaptive immune response (/.e., specific or acquired) includes 
resistance to an infectious agent or an antigen that is mediated by the immune system 
and that results from previous exposure to the infectious agent or antigen. For example, 
specific immunity can be a result of a naturally acquired (patent or latent) infection or 
from an intentional vaccination- In addition, specific immunity may be passively and 
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transitorily acquired from the natural transfer of antibodies from another (e.g., 
maternally inherited), or fit)m exogaious transfer of antibodies or immune cells by 
intentional inoculation (sometimes referred to as passive immunotherapy). 

An immunogenic composition as described herein comprises one or 
5 more compounds, antigens, immim(^ens, or agents capable of priming, eliciting, 

potentiating, activating, stimulating, augmenting, boosting^ amplifying, or enhancing an 
adaptive (specific) immune response, which may be cellular (T cell) or humoral (B 
cell), or a combination of a T cell and a B cell response. Preferably, the adaptive 
immune response will be protective. A representative example of an imraunogen is a 
10 microbial antigen, such as one or more bacterial, viral, ftmgal, or parasitic proteins of 
interest 

An immxmomodulatory composition as described herein may comprise 
Proteosomes or Protoliin adjuvants and any one or more of a protein, peptide, chemical, 
or other molecule, or composition thereof, that is capable of altering (modifying, 

1 5 modulating, adjusting, regulating) (or increasing (potentiating) or decreasing 

(suppressmg) in a statistically significant manner or in a clinically significant manner) 
one or more immune functions. An immunomodulatory agent or composition can 
mitigate, ameliorate, treat, or prevent {e,g,, as a prophylactic agent) an undesired or 
abnormal inflammatory response. An inunune function can include a cellular response 

20 with a particular pattern of cytokine production (e.g,, Thl, Th2), a humoral response 
(eg., antibody production), or a combination thereof, to a particular microbe or antigonu 
For example, if a subject previously exposed to an allergen (/.e, is sensitized) comes 
into contact with the allergen again, allergic asthma may develop due to a Th2 response 
characterized by an increased production of type 2 cytokines (IL-4, IL-5, IL-9, XL- 13) 

25 secreted by CD4+ T lymphocytes. An immunomodulatory composition as described 
herein may alter the Th2 response by, for example, shifting the response toward a Thl 
phenotype that is less damaging to the airway. That is, an altered (or modulated) 
immune response can provide protection to a host against infection by a variety of 
miaoorganisms (including bacteria, viruses, parasites, or fimgi) or against 

30 inflammatory responses (e.g. , allergy, asthma, nasal polyps) caused by antigens. 
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An allergic reaction as described herein refers to a local or general 
reaction in a subject following contact with a specific antigen (allergen) to vMch the 
subject had been previously exposed and sensitized. The immunologic interaction of 
endogenous or exogenous antigen with antibody or sensitized lymphocytes can give rise 
5 to inflanunation and tissue damage - in other words, allergy is an immune reaction 
resulting in damage to self-tissues and cells, usually through inflammatory reactions. 
Extrinsic or allergic asthma (also referred to herein as reactive airway disease) is an 
inflammatory disease of the Ixmgs characterized by a generally reversible airway 
obstruction. Features of allergic asthma include elevated concentrations of serum IgE, 

1 0 pulmonary eosinophilia, airway hyperresponsiveness, excessive airway mucus 

production, and airway remodeling marked by peribronchiolar collagen deposition and 
increases in airway smooth muscle mass. Other exemplary allergic reactions or 
inflammatory conditions include allergic alveolitis, allergic bronchopulmonary 
aspergillosis, allergic dermatitis, eczema, allergic conjunctivitis, alletgic coryza, 

15 allergic vasculitis, rhinosinusitis, and allergic rfamitis. 

Hyperresponsiveness relates to an abnormal response or condition in 
which a foreign agent elicits an exaggemted immune response. For example, allergic 
asthma may be a result of repeated e;q>osure to airborne allergens that trigger 
detrimental immimological responses, such as persistent inflanMnation in the bronchial 

20 wall, which can result in structural and functional changes in the respiratory system. 
After allergen inhalation by sensitized subjects (ie. , those subjects that have already 
been exposed to the allergen), the unmune response is dependent on CD4+ T 
lymphocytes that are skewed to a T helper (Th) 2 phenotype. Th2 cytokines, for 
example, IL-4, IL-S, IL-9, and IL-13 are important to asthma pathogenesis. For 

25 example, IL-4 drives the T helper response in favor of Th2, resulting in enhanced 

production of IgE; IL-5, which with granulocyte macrophage colony stimulating factor 
(GM-CSF) and IL-3, is important for the production of eosinophils; and IL-13, which is 
required for airway hyperresponsiveness and mucous metaplasia, which are 
downstream pathophysiological features that are closely linked with clinical asthma. 

30 All these cytokines, together with TGF-beta have been implicated in airway 
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remodeling. While the role of eosinophils in the pathology of asthma is not entirely 
understood, the number of airway eosinophils is associated directly witli disease 
severity {see, e.g., Lee et al., Science 305:1773 (2004); Humbles et al, Science 
Z0S\m6 (2004)). The resulting structural and morphometric changes (remodeUng) 
5 include subepithelial fibrosis, goblet cell hyperplasia and metaplasia, which result in 
fiinctional consequences such as loss of distmsibility of asthmatic airways, bronchial 
hyperreactivity (even in the absence of the allergen), and an accelerated progressive 
deorease in forced expiratory volume at 1 second time intervals (FEVi). The Th2 
cytokines may also prime and activate eosinophils to release proinflammatory agents, 

1 0 hpid mediators, and other cytokines thought to contribute to the observed tissue 
damage, remodeling, and hyperresponsiveness. 

Tolerance as used herein refers to the ability to endure or be less 
responsive to a stimulus, especially over of a period of continued exposure, such as to 
an allergen. For example, immunologic tolerance refers to a natural or artificially 

1 5 induced state of reduced or non-responsiveness to a specific antigen or allergen. 

In the present description, any concentration range, percentage range, 
ratio range or other integer range is to be understood to include the value of any integer 
within the recited range and, when appropriate, fi-actions thereof (such as one tenth and 
one hundredth of an integer), unless otherwise indicated. As used herein, "about" or 

20 "comprising essentially of mean ± 1 5%. The use of the alternative (e.g., "or") should 
be understood to mean one, both, or any combination thereof of the alternatives. As 
used herein, the use of an indefinite article, such as "a" or "an,** should be understood to 
refer to the singular and the plural of a noun or noun phrase. In addition, it should be 
imderstood that the individual compositions, formulations, or compounds, or groups of 

25 compositions, formulations, or compounds, derived from the various components or 
combinations of the composition or sequences, structures, and substituents described 
herein, are disclosed by the present application to the same extent as if each 
composition or compound or group of compositions or compounds was set forth 
individually. Thus, selection of particular sequences, structures, or substituents is 

30 within the scope of the present invention. 
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In one embodiment, an immunomodulatory composition may comprise a 
Proteosome formulated with a liposaccharide, that is, ProtoUin. For example, a 
ProtoUin composition can be used to suppress or inhibit an undesned immune response 
or to induce or promote tolerance to an undesired immune challenge (e.g., shift a Tb2 
5 cytokine production phenotype to a Thl phenotype). In addition, the 

immunomodulatory compositions described herein can be used in combination with an 
immunogenic composition to initially promote suppression of an undesired immune 
response, and subsequently or concomitantly, promote induction of tolerance. By way 
of background and not wishing to be bound by theory, T lymphocytes, in particular 

1 0 CD4^ T cells that produce Th2 cytokines and tiiat have undergone an aberrant 

expansion, play an important role in the pathogenesis of asthma. In a murine model, the 
administration of agents such as IL-12 and EFN-y or CpG oligodeoxynucleotides can 
inhibit Th2 cytokine production and stimulate Thl lymphocytes and/or cytokines to 
prevent the development of antigen-induced airway hyperresponsiveness (AHR) and 

15 inflammation (see Lack et al., J. Immunol 157:1432 (1996); Gavett et al., J. Exp. Med 
182:1 (1995); Kline et al.,y. Immunol 160:2555 (1998)). 

In certain embodiments, the immimostimulatory compositions described 
herein are useful for eliciting a nonspecific (or iimate) immune response. Such an 
immunostimulatoiy composition may provide a nonspecific protective response that 

20 prevents or treats a microbial infection in a host or subject. The immunostimulatory 
composition described herein may also be used to stimulate an innate (nonspecific) 
immune response that potentiates or dances an adaptive immune response elicited by 
subsequently administered vaccine, for example, an immunogenic composition 
comprising ProtoUin formulated with a microbial antigen, such as Fl-V plague antigen, 

25 Protective Antigen from Bacillus anthracis, or a bacterial antigen from Chlamydia 
ti-adtomatis, enteropathogenic E, coli, or another pathogenic bacteria. 

In certain embodiments, immunostimulatory and immunogenic 
compositions may be administered simultaneously to elicit an innate immime response 
while at the same time potentiating or priming an adaptive immune response. In certain 

30 other embodiments, immunomodulatory and immunogenic compositions may be 
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administered simultaneously to elicit an altered immune response while at the same 
time potentiating or priming tolerance. Alternatively, short-tenn use of an 
immimostimulatory or immunomodulatory composition as described herein may be 
used without subsequent or simultaneous treatment with an immunogenic composition. 
5 Nonspecific protection or an altered immune response (without subsequent or 
simultaneous immunogenic composition treatment) may last from about 1 day to 3 
months or longer. For example, animals remained protected from Chlamydia challenge 
at least 1 1 wedcs after treatment widi Proteosome-LPS (ProtoUin) (see Example 15). 

In other embodiments, the immunomodulatory compositions described 

1 0 herein are useful for altering an inflammatory irrmmne response. As set fortti herein, 
the current compositions may be used to alter an inflammatory immune response {e.g., 
cause a shift from a Th2 to a Thl phenotype) that may potentiate or enhance the 
development of tolerance to a specific antigen. 

An immunostimulatory or immunomodulatory composition comprises an 

15 adjuvant, preferably a Proteosome or a Proteosome:LPS adjuvant, Proteosomes can be 
comprised of outer membrane proteins (OMPs or porins) from Neisseria species, but 
can also be derived from other Gram-negative bacteria {see, e,g,, Lowell et al., J. Exp, 
Med 167:658, 1988; Lowell et al.. Science 240:800, 1988; Lynch et al., Biophys. J. 
45:104, 1984; U.S. Patent No. 5,726,292; U.S. Patent No, 4,707,543), or a combination 

20 of Neisseria OMPs and OMPs from at least one other Gram-negative bacteria. By way 
of background and not wishing to be bound by theory, mbcing of Proteosomes with a 
protein (e.g., a tnicrobial antigen) provides a composition comprising non-covalent 
association, interaction, or coordination between the microbial antigen and 
Proteosomes, which association or coordination forms when the detergent used to 

25 solubilize the Proteosomes is selectively removed or reduced, for example, by dialysis 
or diafiltration. 

Proteosomes may be used as an adjuvant (i. e. , a component of an 
immunostimulatory or immunomodulatory composition) and/or may be used as an 
antigen delivery composition (/.e., an immunogenic composition). In one embodiment, 
30 an immunogenic composition comprises one or more microbial antigens (i.e. , bacterial, 
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parasitic, fungal, or viral antigens or inununogens, or variants and fragments thereof) 
and an adjuvant, wherein the adjuvant comprises Projuvant (/.e., Proteosome) or 
Protollin (i.e., Proteosome:LPS). A preferred microbial antigen is one that stimulates or 
elicits an inimime response (either humor or cell-mediated) that protects (prevents a 
5 microbial infection, reduces the microbial load, kills the microorganism or prevents its 
propagation) the host or subject. 

In certain embodiments, the immunostimulatory or immunomodulatory 
composition may be a Proteosome further formulated with a liposaccharide. That is, 
the Proteosome adjuvant (Projuvant) may be prepared to include an additional (e.g., 

10 exogenous or mdogenous) immunostimulatory or immunomodulatory molecule, such 
as LPS. Liposacchanide can be prepared synthetically, isolated from a biological 
source (e.g., non-detoxified), chemically modified (e.g., detoxified or otherwise 
chemically modified by adding, deleting, or changing substituents), or any combination 
thereof For example, the Projuvant may be admixed as described herein with 

1 5 liposaccharide to provide an OMP:LPS adjuvant {L e. , Protollm). These two 

components of Protollin may be formulated at specific initial ratios (see flowchart of 
Figure 3) to optimize their interaction, resulting in stable association and formulation of 
the components for use in an immunostimulatory or immunomodulatory composition. 
The process for making Protollin generally involves mbcing the components in a 

20 selected detergent solution (e.g, , Empigen® BB, Triton® X- 1 00, or Mega- 1 0) or other 
detergent (e.g., octoglucoside). Complex formation of the OMP and LPS components 
occurs while reducing the amoimt of detergent to a predetermined, preferred 
concentration, by dialysis or by diafiltration/ultrafiltration methodologies. The duration 
of dialysis can be adjusted to retain varying amounts of detergent in the vaccine 

25 formulation including, for example, concentrations from 250, 500, 750, 1000 ppm, or 
more, or even lower amounts (e.g., 50 ppm). Mixing, co-precipitation, or lyophilization 
of the two components may also be used to effect an adequate and stable association or 
formulation. In certain embodiments, the Protollin may be formulated to comprise LPS 
from one bacteria or may be fomiulated to comprise two or more liposaccharides 

30 obtained fix>m different bacteria. For example, one Protollin formulation may include 
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liposaccharide from Escherichia and Shigella, or from Chlamydia and Yersinia, or 
Phorphyromonas and Shigella^ or from Neisseria, Escherichia, Yersinia, and Shigella^ 
and so on. A Protollin formulation may be optimized with one or a plurality of as many 
different liposaccharides as is necessary or desired, 
5 Protollin compositions described herein may contain liposaccharide 

derived from any Gram-negative bacterid species, which may be the same Gram- 
negative bacterial species that is ihe source of Proteosomes, or may be a different 
bacterial species. In one embodiment^ die final liposaccharide content by weight as a 
percentage of the total Proteosome protein may be in a range from about 0, 1% to about 

10 10%, from about 0.5% to about 5%, from about 1 % to about 500%, or in a range from 
about 10% to about 100%, about 5% to about 20% or from about 10% to about 50%, or 
in a range from about 20% to about 200%, or in a range ftx)m about 30% to about 1 50% 
or from about 50% to 150%. In a preferred embodiment, the immunostimulatory 
composition comprises a Proteosome component prepared from Neisseria meningitidis 

1 5 and the liposaccharide prepared from Shigella flexneri or Plesiomonas shigelloides, 
such that the final liposaccharide content is between 50% to 1 50% of the total 
Proteosome protein by weight In another embodiment, Proteosomes are prepared with 
endogenous lipooligosaccharide (LOS) contmt from Neisseria ranging from about 
0.5% up to about 5% of total OMP. In another embodiment Proteosomes are provided 

20 that comprise endogenous liposaccharide (i.e., from the same bacteria as the 

Proteosomes) in a range from about 12% to about 25%, and in a preferred embodiment 
between about 15% and about 20% of total OMP. Alternatively, mutant bacteria fliat 
can no longer produce LPS (e.g., a Neisseria LPS-minus strain) can be used to prepare 
Projuvant such that the OMPrLPS mixture has 0% endogenous LPS. Accordingly, 

25 Protollin may have exogenous LPS, endogenous LPS, or a combination thereof; 
wherein the exogenous and endogenous LPS may be present in equal amounts or at 
different ratios. 

The present invention is also directed generally to the use of microbial 
antigens in combination with an immunostimulatory or inmnmomodulatory 
30 composition to generate an immunogenic composition. The antigens are preferably 
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from clinically relevant microorganisms, such as bacteria, including pathogenic 
bacteria; viruses {e.g.. Influenza, Measles, Coronavirus); parasites {e.g., Trypanosome, 
Plasmodium, Leishmania); fiingi {e.g., Aspergillus, Candida, Coccidioides, 
Cryptococcus); and the like. For example, the antigen may be from bacteria, 

5 particularly pathogenic bacteria, such as the causative agent of anthrax {Bacillus 
anthracis), plague {Yersinia pestis\ stomach cancer {Helicobacter pylori), sexually 
transmitted diseases {Chlamydia trachomatis or Neisseria gonoirhea), and the like. 
Other representative examples include antigens ftom certam viruses, such as influenza 
virus(es), Norwaik virus, smallpox virus, West Nile virus, S ARS virus, respiratory 

10 syncytial virus, measles vhns, and the like. Exemplary fimgi include Candida albicans 
or Aspergillus spp,, and exemplary parasites include the causative agents of 
trypanosomiasis, leishmania, pneumonic plague, and lyme disease {Borrellia 
burgdorferi). 

As described herein, the antigens can be prepared recombinantly, 

1 5 synthetically, isolated from a biological source, recombinantly or chemically modified, 
and any combination thereof. A biological source includes but is not limited to a 
biological sample from a host or subject {e.g, tissue, blood, serum, plasma, lung lavage, 
nasal wash), bacterial cell culture, or tissue cell culture. A "sample*' as used herein 
refers to a biological sample and may be provided by obtaming a blood sample, biopsy 

20 specimen, tissue explant, organ culture, or any other tissue or cell prepamtion from a 
subject or a biological source. A sample may fiirther refer to a tissue or cell preparation 
in which flie morphological integrity or physical state has been disrupted, for example, 
by dissection, dissociation, solubilization, fractionation, homogenization, biochemical 
or chemical extraction, pulverization, lyophilization, sonication or any other means for 

25 processing a sample derived from a subject or biological source. 

A microbial antigen or fragment thereof can be prepared from a variety 
of biological sources, such as tissues of an infected subject or cultured cell lines. 
Primary isolation may be from, for example, peripheral blood cells or from respiratory 
secretions or excretions. Preferably, the isolated microbes are propagated or cultured 

30 on appropriate culture media that are knovwi to skilled artisans, in primary cell cultures, 
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or on established cell lines known in the art as required for a particular microbe. In 
certain embodiments, the antigens or fragments thereof are isolated from intact 
microbial particles* As used herein, the term "isolated" or "derived from" means that 
the material is removed from its original or natural enviroimient. For example, a 
5 naturally occurring nucleic acid molecule or polypeptide present in a living animal or 
cell or virus is not isolated^ but the same nucleic acid molecule or polypeptide is 
isolated when separated from some or all of the co-existing materials in the natural 
system. An isolated nucleic acid molecule or a nucleic acid molecule that is removed 
from its natural environment includes a vector such as a recombinant expression vector, 

1 0 which comprises a nucleic acid molecule that encodes a microbial antigen. In other 
embodiments, peptides or polypeptides, such as antigens or variants and fragments 
thereof, may be either partially purified or purified to homogeneity. 

Also provided herein are methods for producing synthetic microbial 
antigens^ includuig fusion proteins that comprise a microbial antigen, variant, or 

1 5 fragment thereof A peptide or polypeptide component of an unmimogenic composition 
may be synthesized by standard chemical methods, including synthesis by an automated 
procedure. In gOTieral, immunogenic polypeptides or peptides are synthesized based on 
the standard solid-phase Fmoc protection strategy with HATU as tixe coupling agent 
The immunogenic peptide can be cleaved from the solid-phase resin with trifluoroacetic 

20 acid containing appropriate scavengers, which also deprotects side chain fiinctional 
groups. Crude immunogenic peptide may be ftuther purified using preparative reverse 
phase chromatography. Other purification methods, such as partition chromatography, 
gel filtration, gel electrophoresis, or ion-exchange cliromatography may be used. Other 
synthesis techniques known in the art may be employed to produce similar 

25 immunogenic peptides, such as the tBoc protection strategy, use of different coupling 
reagents, and the like. In addition, any naturally or non-naturally occurring amino acid 
or derivative thereof may be used, including D- or L-amino acids and combinations 
thereof 

As described herein, the microbial antigens or Augments thereof of the 
30 invention may be recombinant, viierein a recombinant nucleic acid expression 
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construct comprises a polynucleotide that encodes the antigen and is operatively linked 
to an expression control sequence {e.g,, promoter, enhancer). Recombinant 
polynucleotide expression constructs may be prepared according to methods known to 
persons skilled in the molecular biology art. Cloning and expression vectors for use 
5 with prokaryotic.and eukaryotic hosts are described, for example, in Sambrook et ai. 
Molecular Cloning: A Laboratory Manual^ Third Edition, Cold Spring Harbor, NY, 
(2001), and may include plasmids, cosmids, shuttle vectors, viral vectors, and vectors 
comprising a chromosomal origin of replication as disclosed therein. Recombinant 
expression constructs also comprise expression control sequences (regulatory 

1 0 sequences) that allow expression of a polypeptide of interest in a host cell, including 
one or more promoter sequraices {e.g, lac, tac, trc, ara, trp^ X phage, T7 phage, T5 
phage promoter, CMV, immediate early, HSV thymidine kinase, early and late S V40, 
LTRs from retrovirus, and mouse metallothionein-I), enhancer sequences, operator 
sequences [e.g, lacO\ and the like. 

15 Generally, recombinant expression vectors will include origins of 

replication and selectable markers permitting transformation of the host cell, and a 
promoter derived from a highly-expressed gene to direct transcription of a downstream 
structural sequence. The heterologous structural sequence is assembled in appropriate 
phase with translation initiation and tennination sequences. In preferred embodunents 

20 the constructs are included in compositions that are administered in vivo. Such vectors 
and constructs include chromosomal; nondiromosomal; and synthetic DN A sequences, 
e.g., derivatives of SV40; bacterial plasmids; phage DNA; yeast plasmids; vectors 
derived from combmations of plasmids and phage DNA; viral DNA, such as vaccinia, 
adenovirus, fowl pox virus, and pseudorabies; or replication deficient retroviruses as 

25 described below. However, any other vector may be used for preparation of a 

recombinant expression construct, and in preferred embodiments such a vector will be 
repUcable and viable in the host (subject). 

The recombinant expression vector may be introduced into a host cell by 
transformation, transfection, or transduction according to methods known to those 

30 skilled in the molecular biology art. The host cells (such as a eukaryotic or prokaryotic 
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host cells or insect cells) may be cultured to permit expression of the encoded microbial 
antigen, thus producing a recombinant protein antigen (or inimiinogen)^ or fragment 
thereof. The antigens may be further fiised or conjugated to another amino acid 
sequence, which sequence may be a hydrophobic anchor or foot (anch) to facilitate or 
5 otherwise enhance non-co^ent association with Projuvant or Protoliin. A fragment of 
a microbial antigen polypeptide may comprise any portion of such a polypeptide that 
has at least one epitope capable of eliciting a protective immune response (cellular or 
hmnoral) against a microbial infection. Immunogenic polypeptides may also be 
arranged or combined and linked in a linear form, and each immunogen may or may not 

10 be reiterated, wherein the reiteration may occur once or multiple times. In addition, a 
plurality of different immunogenic polypeptides (e.g., protein variants, or fragments 
thereof) can be selected and mixed or combined into a cocktail composition to provide a 
multivalent vaccine for use in eliciting a protective immune response. 

A variant of an antigen, including a microbial antigen or allergen as 

15 described herein, or a fragment of an antigen or variant, include molecules that are 
structurally similar and functionally similar. A variant or fragment of antigen or 
allergen, is functionally similar to the antigen or allergen if the variant or fragment is 
capable of eliciting an immune response at least comparable according to one or more 
characteristics or parameters of an immune response to that elicited by the antigen or 

20 allergen, which may be determined usmg methods, including animal models and in 
vitro assays, described herein and practiced in the art. For example, a comparable 
immime response may be determined by quantitative and/or qualitative determination of 
cytokine production, antibody production (including class and/or isotype), and 
protection as determined in an animal model. A comparable immune response of an 

25 antigen variant or fragment to the antigen may be indicated by statistical analysis of a 
particular measure (such as cytokine production or immunoglobulin production) and 
maybe within 5%, 10%, 15%, or 20% or 25% of the measurement A functionally 
similar variant or fragment also is capable of binding to an antibody that specifically 
binds to the antigen or allergen. 
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Such variants include naturally-occurring polymorphisms or allelic 
variants, microbial strain variants, as well as synthetic polypeptides (or the 
polynucleotides encoding the variant polypeptides) that contain conservative amino 
acid substitutions of the amino acid sequences. A variety of criteria known to those 
5 skilled in the art indicate whether amino acids at a particular position in a peptide or 
polypeptide are similar. For example, a similar amino acid or a conservative amino 
acid substitution is one m which an amino acid residue is replaced with an amino acid 
residue having a smiilar side chain» vAdch include amino acids with basic side chains 
(e.g., lysine, arginine, histidine); acidic side chains (e.g., aspartic acid, glutamic acid); 
10 uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine, histiduie); nonpolar side chams (e.g., alanine, valine, leucine, 
isoleucine, prohne, phenylalanine, methionine, tryptophan); beta-branched side chains 
(e.g., threonine, valine, isoleucine), and aromatic side chains (e.g., tyrosine, 
phenylalanine, tryptophan). Proline, which is considered more difficult to classify, 
1 5 shares properties with amino acids that have aliphatic side chains (e.g.. Leu, Val, He, 
and Ala). In certain circumstances, substitution of glutamine for glutamic acid or 
asparagine for aspartic acid may be considered a sunilar substitution in that glutamine 
and asparagine are amide derivatives of glutamic acid and aspartic acid, respectively. 

Variant polynucleotides and their encoded polypeptide products can be 
20 identified by determining whether the polynucleotides hybridize with a nucleic acid 
molecule having the nucleotide sequence of under highly stringent or moderately 
stringent conditions. As an alternative, variant polynucleotides and the encoded 
polypeptides can be identified by sequence comparison. As used herein, two amino 
acid sequences have **100% amino acid sequence identity" if the amino acid residues of 
25 the two amino acid sequences are the same when aligned for maximal correspondence. 
Similarly, two nucleotide sequences have "100% nucleotide sequence identity'' if the 
nucleotide residues of the two nucleotide sequences are the same when aligned for 
maximal correspondence. Sequence comparisons can be performed using any standard 
software program, such as BLAST, tBLAST, pBLAST, or MegAlign. Still others 
30 include those provided in the Lasergene bioinfonnatics computing suite, which is 
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produced by DNASTAR® (Madison, Wiscx)nsin). References for algorithms such as 
ALIGN or BLAST may be found in^ for example, Altschul, J, Mol Biol 2/P:555-565, 
1991;orHenikoffandHenikoff,i^rac. Natl Acad Set USA 89:10915-10919, 1992. 
BLAST is available at the NCBI website. Other methods for comparing multiple 
5 nucleotide or amino acid sequences by determining optimal aligmnent are well known 
to those of skill in the art (see, Peruski and Peruski, The Internet and the New 
Biology: Tools for Genomic and Molecular Research (ASM Press, Inc. 1997); Wu et al. 
(eds.), "Information Superhighway and Computer Databases of Nucleic Acids and 
Proteins" in Methods in Gene Biotechnology, pages 123-151 (CRC Press, Inc. 1997); 

1 0 and Bishop (ed.). Guide to Human Genome Computing, 2nd Edition, Academic Press, 
Inc., 1998). An antigen or allergen and a variant tiiereof should have at least a 50% 
amino acid sequence identity to and preferably, greater than 60%, 65%, 70%, 75%, 
80%, 85%, 90%, or 95% identity. 

Variants may be prepared readily using mutagenesis techniques known 

15 and practiced in the art. For example, site-directed mutagenesis (e.g., Kramer et al. 
(Nucleic Acids Res. 12, 9441, (1984)); the Anglian Biotechnology Ltd handbook; 
Kunkel Proc, Natl Acad Sci, USA 82:488-92 (1985); Kunkel et al.. Methods in 
Enz)mtol 154:367-82 (1987)) and random mutagenesis techniques, such as alanine 
scaiming mutagenesis, error prone polymerase chain reaction mutagenesis, and 

20 oligonucleotide-directed mutagenesis are well known and used extensively in the art 
{see, e.g., Sambrook et al.. Molecular Cloning: A Laboratory Manual, 3"** ed., Cold 
Spring Harbor Laboratory Press, NY (2001)). 

Methods for preparing the iramunostimiilatory compositions, 
immunomodulatory compositions, and immunogenic compositions are described herein 

25 and are known in art (see, e.g. , U.S. Patent Application Publications Nos. 

2001/0053368 and 2003/0044425). The antigen(s) and adjuvant are formulated at 
specific initial ratios (weightrweight) to optimize interaction (or cooperation) between 
the components resulting in non-covalent association (or nonspecific juxtaposition) of a 
significant portion of the two components with each other. For example, a mixture of at 

30 least one antigen with a Proteosome (Projuvant) or Protollin is prepared in the presace 
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of detergent, and reduction of the concentration of the detergent or removal of the 
detergent from the mixture by diafiltration/ultrafiltration leads to association 
(interaction or coordination) of the antigen(s) with the adjuvant {see Figure 3). The 
ratio of Proteosome or Protollin to antigen after the mixture has bem dialyzed, 
5 diafiltered, or ultrafiltered may be the same or may be altered (increased or decreased) 
from the initial ratio. In certain embodiments, the initial or post- 
dialysis/diafiltration/ultrafiltration Proteosome or Protollin (the weight of Protollin 
equals the combined weights of the Proteosomes and Uposaccharide) to antigen ratio 
(wt/wt) in an immunogenic composition mixture ranges from about 1 : 1 to about 4: 1 . 

1 0 The ratio may range from 1 : 1 to about 8: 1 or higher. In certain other embodiments, the 
Proteosome or Protollin to antigen ratio (wt/wt) in the mixture ranges from about 1:1 to 
about 1 -.500, or in a range of about 1 : 1 to about 1 :200 or about 1 :2 to about 1 :200, or in 
a range of about 1 :2 to about 1 : 100, or in a range of about 1 :5 to about 1 :50, or in a 
range of about 1 :2 to about 1 :20. The detergent-based solutions of the two components 

1 5 may contain the same detergent or diJBFerent detergents, and more than one detergent 
may be present in the mixture subjected to ultrafiltration/diafiltration. Suitable 
detergents include Triton^, Empigen® BB, and Mega-10. Other detergents can also be 
used (e.g;, octoglucoside)» The detergents serve to solubilize the components used to 
prepare ttie composition- The use of a mixture of detergents may be particularly 

20 advantageous. The detergent(s) are removed or the concentration is reduced by 
diafiltration/ultrafiltration prior to final formulation. 

Also contemplated are methods for treating or preventing a microbial 
infection, by administering an immunostimulatory composition described herein for 
eliciting a nonspecijQc protective immune response. In another embodiment, a method 

25 is provided for treating or preventing a microbial infection by administering an 
immunostimulatory composition for eliciting an innate immune response and 
administering an immunogenic composition for eliciting an adaptive immune response. 
Also contemplated are methods for altering an inflammatory response, or treating or 
preventing an allergic reaction, using immunomodulatory and/or innnunogenic 

30 compositions of this disclosure. An immunostimulatory composition. 
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immunomodulatory composition, or immunogenic composition may further include a 
pharmaceutically acceptable vehicle, carrier, diluent, and/or excipient, in addition to 
one or more microbial antigens (or immunogens) or jBragment or fusion thereof and, 
optionally, other components. For example, pharmaceutically acceptable carriers or 
5 other components suitable for use with inmiunostimulatory compositions, 

immunomodulatory compositions, or inmiunogmic compositions include a thickening 
agent, a buffering agent, a solvent, a humectant, a preservative, a chelating agent, an 
additional adjuvant, and the like, and combinations thereof. 

In addition, the pharmaceutical compositions as described herein may 

10 further include a diluent such as water or phosphate buffered saline (PBS). In certain 
embodiments, the dilumt is PBS with a final phosphate concentration range from about 
0,1 raM to about 1 M, from about 0,5 mM to about 500 mM, from about 1 mM to about 
50 mM, or from about 2,5 mM to about 10 mM; and the final salt concentration ranges 
from about 100 mM to about 200 mM or from about 125 mM to about 175 mM. In 

15 another embodiment, the final PBS concentration is about 5 mM phosphate and about 
150 mM salt (such as NaCl). In certain embodiments, any of the aforementioned 
immunostimulatory, immunomodulatory, or immunogenic compositions fiirther 
comprising a diluent will be sterile. 

The conqjositions can be sterilized either by preparing them under an 

20 aseptic environment or by terminal sterilization using methods available in the art. 
Many pharmaceuticals are manufactured to be sterile and this ciit^on is defined by 
USP XXn <121 1>. The term "USP" refers to U-S. Pharmacopeia (Rockville, MD). 
Sterilization may be accomplished by a number of means accepted in the industry and 
listed in USP XXII <121 1>, including gas sterilization, ionizing radiation, or filtration. 

25 Sterilization may be maintained by what is termed aseptic processing, defined also in 
USP XXII <121 1>. Acceptable gases used for gas sterilization include ethylene oxide. 
Acceptable radiation types used for ionizing radiation methods include gamma, for 
instance from a cobalt 60 source and electron beam. A typical dose of gamma radiation 
is 2.5 MRad. When ^propriate, filtration may be accomplished using a filter with 

30 suitable pore size, for example, 0.22 jim and of a suitable material, for instance Teflon®. 
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The preparation of Proteosomes or Protollin resxdts in particles small enough that an 
immunogenic compositions can be filtered through a 0.8 \xm filter, a 0.45 [jun filter, or a 
02 filter. Thus, in certain embodiments the immunostimulatory, 
immunomodulatory, axid/or immunogenic compositions of Ihis invention can be filler 
5 sterilized. TTiis is highly advantageous to elimmate any complications due to the 
presence of contaminants. 

In one embodiment, a method is provided for eliciting a nonspecific 
protective immune response, comprismg administering to a subject (or patient) in need 
thereof an amount of an immunostimulatory composition and und^ conditions sufficient to 

10 elicit, induce, or stimulate an immime response such that the amount of the 
immunostimulatory composition is ttier^utically effective. The conditions under which 
an immune response is elicited in a subject include a variety of parameters and criteria 
described herein and understood by persons havmg skill in the medical art, and include but 
are not limited to the time of dosing, number of doses, route of administration, and the Uke. 

15 A nonspecific protective immune response as described herein includes an iimate immune 
response that is not a specific antigen-dependent or antibody-dependent response (that is, 
does not involve clonal expansion of T cells and/or B cells) and may be elicited by any one 
of numerous antigens, immunogens, or microorganisms. The immunostimulatory 
composition comprises Proteosomes and liposaccharide QProtollin), either one of wfaidi or 

20 both may elicit a nonspecific protective response. When Ae immunostimulatory 
composition is used to elicit a nonspecific immxme response or an innate immune response 
for treating or preventing a microbial infection, such as a bacterial infection or a viral 
infection, the immimostimulatory composition comprising Protollin may not contain a 
liposaccharide fi-om the genus of bacteria that is the causative agent of an infection to be 

25 treated or prevented. That is, the Protollin need not have components or P AMPs from the 
organism that is causing an infection or that may cause an infection. By way of example, 
an immunostimulatory composition comprising Proteosomes obtained from Neisseria 
meningitidis and LPS obtained fiiom Shigella flexneri may be used to stimulate an innate 
response in a subject that provides protection, that is, treats or prevents infection caused by 

30 a virus, such as an influenza virus, or by a bacteria such as Yersinia peslis, Bacilltds 
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anthracis, or Chlamydia trachomatis. Accordingly, the kmnunostimulatory compositions 
described herein may be usefiil for treating or preventing infections that can be caused by 
one of numerous different strains of a virus, such as different strains of influOTza vims, or 
that may be caused by one of nxmierous different strains, serotypes, or immunotypes of a 
S bacterial species. 

The Proteosomes and liposaccharide ofProtoilin may be obtained jfrom the 
same or different bacterial genera or species. The Proteosomes may be obtained from a 
Gram-negative bacteria such as a Neisseria species and the liposaccharide may be from 
another Gram-negative bacteria such as from Shigella, Chlamydia, Plesiomonas, 

10 Porphyromonas, or E. colL In one embodiment, a method is provided for potentiating a 
specific immune response, comprising administering to a subject in need thereof a 
therapeutically effective amount of an immunostimulatory composition, whereui the 
immunostimulatory composition comprises Proteosomes and Kposaccharide. 

In another embodiment, a method is provided for treating or preventing a 

15 microbial infection, wherein after the immimostimulatory composition has been 
administered, an immunogenic composition is administered to the subject (or patient) in 
need thereof in an amount sufficient and under conditions such that the administration of 
both compositions effectively elidts a specific immune response. In a certain ^bodiment, 
the immunogenic composition comprises Proteosomes, liposaccharide, and an antigen such 

20 as a microbial antigen (bacterial, viral, parasitic, or fungal antigen). The immunogenic 
composition may comprise Proteosomes that are obtained from the same or different 
sources of the Proteosomes of the immunostimulatory composition, such as different 
Gram-negative bacteria genus and/or species. Similarly, an LPS component of the 
immunogem'c composition and the immunostimulatory composition may be from the same 

25 or different bacteria, TTie immunogenic composition may comprise one antigen that is a 
microbial antigen, or may comprise 2, 3, 4, 5, 6, 7, or 8-10 microbial antigens. When at 
least two microbial antigens are contained in the immunogenic composition, the antigens 
may be obtained from, associated with, or known to be originally derived from the same 
microorganism or from different microorganisms. Alternatively, the immunogenic 

30 composition may comprise at least one antigen without Proteosomjses and/or LPS, or the 
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immtmogenic composition may comprise at least one antigen and an adjuvant such as 
alum. The antigen may be isolated (purified) or partially isolated (or purified), or may be 
delivered as a live, infectious microorganism or in an attenuated form. In certain 
embodiments, the microbial antigen is a viral split antigen as described herein, which may 
5 contain all components of a virus. Any one of the immunogenic compositions described 
herein may be administered to a subject once or more than once (multiple times) after 
administration of an immunostimulatory composition. 

The immunostimulatory and immimogeoic compositioi^ described herein 
may be administered to a subject (or patient) as a prophylactic treatment to prevent a 

10 microbial infection prior to exposure to the microorganism that causes the infection. A 
prophylactic treatment also includes administration of an immunostimulatory composition 
alone or followed by an immunogenic composition to prevent a microbial infection in a 
subject who is known to have been exposed, who is at risk for exposure, or who has likely 
been exposed to the causative microbial agent An immunostimulatory composition alone 

15 or followed by an immunogenic composition may also be used to treat a subject who may 
have a subclinical infection (i e,, not detected according to appropriate clinical criteria) or 
may have a cUnical infection that is or can be diagnosed cUnically according to criteria 
known to those skilled in the art, includmg symptomatology, clinical chemistry, and 
microbiologica] analyses, 

20 The ratio (wt:wt) (initial ratio or post-removal of detergent) of Proteosomes 

or Protollin (combined weight of Proteosomes and liposaccharide) to antigen of the 
immunogenic composition may range from about 4: 1 to about 1 :4, and may be at least 4: 1 
or at least 2: 1 . TTie ratio of Proteosomes (or Protollin) to antigen may be greater than 1:1, 
greater than 2:1, greater than 3:1 and greater than 4: L The ratio can be as high as 8:1 or 

25 higher. Alternatively, the ratio of Proteosome (or Protollin) to antigen in the mixture is 1 : 1 , 
1 :2, 1 :3, 1 :4, or 1 :8 . The Proteosome or Protollin to antigen ratio in the mbcture may range 
from about 1 : 1 to about 1 :500, or from about 1 : 1 to about 1 :200 or from about 1 :2 to about 
1 :200, or from about 1 :2 to about 1 : 100, or from about 1 :5 to about 1 :50, or from about 1 :2 
to about 1:20. 
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As described herein, different sources of LPS may be used in Protollin 
preparations. The use of a particular source or type of LPS may depend upon the adjuvant 
properties of the ProteosomerLPS composition when administered by a particular route, 
such as intranasally, the type of immune response induced (innate and/or adaptive), the 
5 quantity^ or quality of cytokine production, the capability of a particular LPS type to 
mteract with a particular host cell, the solubility properties of the LPS (Le., the length of a 
0-polysaccharide chain may influence solubility of the Proteosome/LPS mixture during 
preparation of Protollin), as well as production mefliods (e.g„ yield, biohazard containment 
requirements). Protollin may be prepared containing S. flexneri 2a LPS, LPS from 

10 different strains oiE. colU or LPS fix)m other Gram-negative bacteria and characterized 
according to methods described herein and known in the art. 

The ratio of Proteosome (OMPs) to LPS in a Protollin preparation may be 
determined by methods described herein and known in the art for determining the amount 
of LPS or OMPs that is free (i.e., uncomplexed) versus bound {le., in a OMPrLPS 

1 5 complex) such as capillary electrophoresis. LPS content of Protollin may be determined by 
aKDO assay, NMR, polyacrylamidegel electrophoresis and silver staining of the gel, and 
other methods practiced by a personhaving skill in the art. The OMP content of Protollin 
may be determined by any number of assays that measure protein content including but not 
limited to mass spectrometry methods such as LC-MS, reverse phase higji pressure liquid 

20 chromatography (RP-HPLC), sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) (including protein staining such as with Coomassie blue or immunoblotting), 
N-temiinal sequencing, amino acid analysis, Lowry or BCA protein assays^ and MALDI- 
TOFMS. Residual LPS in a Proteosome preparation may also be determined by the LPS 
assays, such as KDO. Nucleic acids remaining in the OMP, LPS, or Protollin pieparation 

25 by methods kno\vn in the art to detect nucleic acids, and the presence of detergent may be 
determined by HPLC. 

In certain embodiments, the antigen is bacterial, for example, an anthrax 
Protective Antigen (PA) {see, e.g., Lindler et al., Infect Immun. 66:573 1-42 (1998)) or a 
plague antigen. The plague antigen used in the immunogenic composition naay comprise 

30 an Fl antigen or a V antigen from Yersinia pestis, or an Fl-V antigen ftision protein 
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antigen, or a combination thereof {see, e.g., Anderson et al.. Infect. Immun, 64:4580-85 
(1996)). In other embodiments, the antigen is viral, such as a viral split antigen preparation 
(for example, a influenza split antigen (see U.S. Patent Application 2004/0156867) or 
measles split antigen). A viral split antigen is an antigen preparation that is separated or 
5 isolated from a vims particle. A viral split antigen generally comprises more than one 
single viral antigen and may comprise all viral antigens although not in the same proportion 
or quantity as may be found in an intact virus particle. A split viral antigen may be 
prepared according to procedures that enrich one or more viral antigens, that is, the 
proportion of a particular antigen in a split antigen preparation may be greater than in intact 
10 virus. For example, ainfluenza split antigen may be enriched for influenza Hemagglutinin 
antigen. 

Other exemplary microbial antigens include, but are not limited to, 
lipopolysaccharide, structural polypeptides or glycoproteins, flagellar or cilia proteins, 
toxins, virulence factors, vixal core proteins, and viral envelope proteins and glycoproteins. 

1 5 In certain embodiments, isolated LPS may be an antigen, for example, LPS isolated from 
-P- gingivaliSj which may be formulated with Proteosoraes for use in stimulating an immune 
response to P. gingivalis for treating or preventing gum disease, periodontal disease, tootii 
decay, and the like. 

In certain embodiments, the immunogenic composition is administered 

20 about between one to about ten days, one to fourteen days, or one to twenty-one days after 
the immunostimulatory composition, preferably at least three days after adminstration of 
the irrmiunostimulatory composition, and elicits an adaptive immune response* Such a 
method for treating or preventing a microbial infection may comprise administering to a 
patient in need thereof an immunostimulatory composition having Proteosomes and 

25 liposaccharide in an amount and under conditions sufficient to elicit an innate or 
nonspecific protective immune response; and administering to a patient in need thereof a 
immunogenic composition having Proteosomes, liposaccharide, and an antigen, or at least 
two microbial antigens, in an amount and under conditions sufficient to elicit an ad^tive 
immune response. 
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As described herein an innate immxme response comprises host recogmtion 
of invariant molecular constituents of infectious raicroorganisms that represent molecular 
structures (PAMPs) shared by large groups of microorganisms, for example, 
lipopolysaccharides with the conserved lipid A sUiicture that are found in Gram-negative 
5 bacteria or peptidoglycan common to Gram-positive bacteria. Such antigens are 
recognized as non-self antigens by host receptors, thus the host elicits a nonspecific 
immime response to destroy the non-self target. The capability of immunostimulatoiy 
compositions described herein, such as Protollin alone to stimulate innate immimity against 
aerosol challenge with various pathogens, such as Chlamydia trachomatis or Bacillus 

1 0 anthracis, may be determined according to metihiods described herein and known in the art, 
including animal models. Animals, such as rodents (mice, rat, rabbits) can be treated with 
ProtoUin prepared as described herein and then challenged with a pathogenic 
microorganism. Morbidity and mortality can then be determined. Animals may receive 
one, two, three, or more treatments with an immunostimulatory composition to determine 

1 5 whetiier and for how long the innate immune response can be maintained or re-stimulated. 
The capability of an immimostimulatoiy composition in the presence and absence of an 
immunogenic composition to elicit, enhance, or stimulate the innate immune response may 
also be examined by the ability of the compositions to upregulate MHC class I and II and 
B7.2 on peripheral blood B lymphocytes, dendritic, cells, and mucosal epithelial cells fiom 

20 wildtype mice and from TLR-2, TLR-4, and MyD88 knockout transgenic animals. 

In one embodiment, the disclosure relates to a method for altering an 
inflammatory immune response, comprising administering to a subject (or patient) in need 
thereof a therapeutically eJHective amountof an immunomodulatory composition, wherein 
the immunomodulatory composition comprises Proteosomes and liposaccharide, such that 

25 the inflammatory immune response is altered. In another embodiment, a method for 
treating or preventing an allergic reaction comprises administering to a subject (or patient) 
in need thereof an amoimt of an immunomodulatory composition, wherein the 
immunomodulatory composition comprises Proteosomes and liposaccharide, such that the 
allergic reaction is treated, attenuated, ameliorated, or prevented. In certain embodiments 

30 when treating or preventing an allergic reaction, such as an allergen-induced reaction, the 
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iimiiunomodulatory composition comprising Protollin will not contain a specific allergen, 
or if the allergen is a bacteria, will not contain liposaccharide from the genus of bacteria 
that is the allergen. That is, ftie Protollin need not have components fliat are causing 
directly or indirectly an allergic reaction. In some embodiments, the Proteosomes and 
5 liposaccharide are obtained from the same or different bacterial genera or species. 
Preferably, the Proteosomes are from Neisseria species and the liposaccharide is obtained 
ftom Shigella, CMamydia, Plesiomonas, Pofphyromonas, or£. coli. 

In another embodiment, after the immunomodulatory composition has 
been administered, a subject sufifering from or at risk for an allergic reaction is given an 

10 amount of an immimogenic composition comprising Proteosomes, liposaccharide, and 
an allergen (e.g., microbial antigen or pollen) such that the allergic reaction is treated, 
prevented, diminished, attenuated, or ameliorated. In certain embodiments, flie ratio 
(wt:wt) (initial and/or post-detergent removal) of Proteosomes (or Protollin, which 
would include the combined weight of the Proteosomes and liposaccharide) to allergen 

15 (or antigen) of the immunogenic composition ranges from about 4: 1 to about 1 :4, 
prrferably the ratio at least 4: 1 or at least 2:1, In other embodiments, the ratio of 
Proteosomes (or Protollin) to antigen of the immunogenic composition ranges from 
about 1 :1 to about 1 :500, preferably the ratio is at least 1 :20, at least 1 :50, or at least 
1:100. In certain other embodiments, the Proteosome or Protollin to allergen (or 

20 antigen) ratio in the mixture ranges from about 1 : 1 to about 1 :500, or in a range of 

about 1:1 to about 1:200 or about 1:2 to about 1:200, or in a range of about 1:2 to about 
1 : 1 00, or in a range of about 1 :5 to about 1 :50, or in a range of about 1 :2 to about 1 :20. 
In certain embodiments, the allergen is at least one of an inhaled particle, pollen (e.g., 
microspores of weeds, trees, grasses, etc.), vapor, gas, food, beverage (or a component 

25 thereof), drug, toxin, microbial antigen {e.g. , viral, viral split antigen, bacterial, 

parasitic, fungal, and combinations thereojf), dander, animal-derived compounds, dust 
(e.g„ dust having LPS or dust mite feces), polypeptide, carbohydrate, nucleic acid, or 
any other agent capable of eliciting an allergic reaction. The immunogenic composition 
may be administered about one to about ten days, one to twenty days, or one to thirty 
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days after the immunomodulatory composition, or about three days after, such that an 
inflammatory immune response or an allergic reaction is altered. 

The immimostimulatory, immunogenic, and/or immunomodulatory 
compositions described herein may induce specific anti -antigen immune responses or 
5 immunomodulatory effects, including one or more of the following. A specific humoral 
response may be elicited or stimulated that results in production of antigen specific 
antibodies, which may include any class of immunoglobulin, including IgG, IgA, IgM, 
and/or IgE, and isotypes of the classes. For example, the presence of specific IgG, IgA 
(particularly in mucosal secretions), and IgE in serum, nasal wash, lung lavage, or other 

1 0 tissues may be determined by any of a variety of immunoassays described herein and 
known in the art, including but not limited to, ELISA, immunoblot, radioimmunoassay, 
immunohistochemistry, fluor^cence activated cell sorting (FACS), Ochterlony, and the 
like. For detection of antigen or microorganism specific antibodies in an immunoassay, 
the biological sample may be permitted to interact with or contact an antigen that is 

1 5 purified, isolated, partially isolated, or a Segment thereof, or to interact with or contact 
a microorganism, which may be fixed (such as with ethanol or formaldehyde) or 
unfixed or non-denatured. Mucosal secretions include those collected firom the 
respiratory tract, including the nasopharynx and lungs. Functional assays may also be 
performed, such as the ability of an antigen-spedfic antibody to neutralize a toxin (such 

20 as a macrophage protection assay), facilitate ph^ocytosis or opsonization of a 

microorganism, or to prevent entry of a microorganism into a host cell, or to prevent 
entry, fusion, or propagation of a microorganism such as a virus in a host cell. Such 
methods are described herein and are routinely practiced by skilled artisans. 

Cell-mediated immunity (CMl) or immune response in a subject who has 

25 received one or more of the immune compositions described herein may also be 
determined using methods described herein and known in the art. A cell mediated 
immune response includes determining whether an immune response has shifted fi"om a 
predominantly Th2 response to a balanced or mixed Thl and Th2 response (due to a an 
increase in Thl response or concomitant increase in Thl and decrease in Th2 response), 

30 or to a predominantly Thl response. Similarly, a shift from a Hil response to a 
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balanced or mixed ThlyTh2 response or an increased or predominant Th2 response may 
be determined. For example, levels of Thl cytokines, such as IFN^, IL-2, and TNF-p, 
and Type 2 cytokines, such as IL-4, IL-5, IL-9, IL-10, and IL-13, may be determined 
according to methods described herein and practiced in the art, including ELIS A, 
5 ELISPOT, and flow cytometry (to measure intracellular cytokines). Type 1 responses 
are predictive of induction of ottier CMI-associated responses, such as development of 
cytotoxic T cells (CTLs), which are indicative of Thl immunity. Immune cell 
proliferation and clonal expansion resulting from an antigen-specific elicitation or 
stimulation of an immune response may be determined by isolating lymphocytes, such 
10 as spleen cells or cells from lymph nodes, stimulating the cells with antigen, and 
measuring cytokine production, cell proliferation and/or cell viability, such as by 
incorporation of tritiated thymidine or non-radioactive assays, such as MTT assays and 
the like. 

In any of these aforementioned methods, the immunomodulatory 

1 5 compositions, immunostimulatory compositions, and the immunogenic compositions 
may further comprise a pharmaceutically acceptable carrier, excipient, or diluent as 
described herein. A pharmaceutical composition may be a sterile aqueous or non- 
aqueous solution, suspension or emulsion, vAnch additionally comprises a 
physiologically acceptable carrier a non-toxic material that does not interfere with 

20 the activity of the active ingr^ent). Such compositions may be in the form of a solid, 
liquid or gas (aerosol). Alternatively, compositions of the present invention may be 
formulated as a lyophilizate. Pharmaceutical compositions within the scope of the 
present invention may also contain other components, which may be biologically active 
or inactive. Such components include, but are not limited to, buffers (e.g., neutral 

25 buffered saline or phosphate buffered saline), diluents, stabilizers, dyes, flavoring 
ag^ts, and suspending agents and/or preservatives. 

Any suitable carrier known to those of ordinary skill in the art may be 
employed in flie pharmaceutical compositions of the present invention. Carriers for 
therapeutic use are well known, and are described, for example, in Remingtons 

30 Pharmaceutical Sciences, Mack Pubhshing Co. (A.R. Geimaro ed. (1 985)). In general, 
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the type of carrier is selected based on the mode of administration. Pharmaceutical 
compositions may be formulated for any appropriate mamier of administration, 
including, for ©cample, topical, oral, nasal, intrathecal, rectal, vaginal, sublingual or 
parenteral administration, including subcutaneous, intravenous, intramuscular, 
intrastemal, intracavemous, intrameatal or intraurethral injection or infusion. For 
parenteral administration, the carrier preferably comprises v/aler, saline, alcohol, a fet, a 
wax or a buffer* For oral administration, any of the above carriers or a solid carrier, 
such as mannitol, lactose, starch, magnesium stearate, sodium saccharine, talcum, 
cellulose, kaolin, glycerin, starch dextrins, sodium alginate, carboxymethylcellulose, 
ethyl cellulose, glucose, sucrose and/or magnesium carbonate, may be employed. 

A pharmaceutical composition {e.g., for oral administration or delivery 
by injection) may be in the form of a liquid {e.g., an elixir, syrup, solution, emulsion or 
suspension). A liquid pharmaceutical composition may include, for example, one or 
more of the following: sterile diluents such as water for injection, saline solution, 
preferably physiological saline, Ringer*s solution, isotonic sodium chloride, fixed oils 
such as synthetic mono or digjycerides which may serve as the solvent or suspending 
medium, polyethylene glycols, glycerin, propylene glycol or other solvents; 
antibacterial agents such as benzyl alcohol or methyl paraben; antioxidants such as 
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic 
acid; bujfFers such as acetates, citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or d^trose. A parenteral preparation can be enclosed 
in ampoules, disposable syringes or multiple dose vials made of glass or plastic. The 
use of physiological saline is preferred, and an injectable pharmaceutical composition is 
preferably sterile. 

As used herein, the terras treat and ameliorate refer to the therapeutic 
administration of a desired composition or compound, in an amount and under 
conditions suflBciemt to treat, uihibit, attenuate, ameliorate, reduce, prevent or alter at 
least one aspect or marker of a disease, in a statistically significant manner or in a 
clinically significant maimer. A therapeutically effective amoimt of an 
immxmomodulatory composition, immunostimulatory composition, or innanunogenic 
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composition is the amount of the composition that treats at least one aspect or marker of 
a disease as described herein. 

The compositions described herein that comprise one or more 
immunomodulatory composition, immunostimulatory composition, and inmiunogenic 
5 composition may be in any fonn tibat allows the composition to be administered to a 
subject, such as a human or animal. For example, compositions may be prepared and 
administered as a liquid solution or prepared as a solid fonn (e,g„ lyophilized), which 
may be administered in solid form, or resuspended in a solution in conjunction with 
administration. The compositions may be formulated to allow the active ingredients 
10 contained therein to be bioavailable upon administration to a subject or patient or may 
be bioavailable via slow release. Compositions that will be administered to a subject or 
patient take the form of one or more dosage units, for example, a drop may be a single 
dosage unit, and a container of one or more compositions may hold a plurality of 
dosage imits. In certain preferred embodiments, any of the aforementioned 
15 pharmaceutical compositions comprising an immunostimulatory composition, or an 
innonimostimulatory composition with an immunogenic composition that comprises at 
least one antigen (or immunogen) or a cocktail of immunogens, or an 
immunomodulatory composition are in a container, preferably in a sterile container. 

The design of a particular protocol for administration, including dosage 
20 levels and timing of dosing are determined by optimizing such procedures using routine 
methods well known to those having ordinaiy skill in the art. Pharmaceutical 
compositions may be administered in a maimer appropriate to the disease to be treated 
(or prevented). An appropriate dose and a suitable duration and frequency of 
administration will be determined by such fectors as the condition of the patient, the 
25 type and severity of the patient's disease, the particular form of the active ingredient and 
the method of administration. In general, an appropriate dose and treatment regimen 
provides the con^ositions in an amount suflScient (therapeutically effective amoxmt) to 
provide tiierapeutic and/or prophylactic benefit {e.g„ an improved clinical outcome, 
such as more frequent complete or partial eradication of the infection, or longer disease- 
30 free and/or overall survival, or a lessening of symptom severity). For prophylactic use, 
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a dose should be sufficient to prevent, delay the onset of, or duninish the severity of a 
disease associated with the particular infectious microorganism. 

In one embodiment, any one of the inunxinomodulatory composition, 
inmiunostimulatory composition or immunogenic composition is administered nasally. 
5 Other routes of administration include enteral, parenteral, transdermal/transmucosal, 
sublingual, nasal, and by inhalation. The term enteral, as used herein, is a route of 
administration in which the immunogenic composition is absorbed through the 
gastrointestinal tract or oral mucosa, including oral, rectal, and sublingual. The term 
parenteral, as used herein, describes administration routes that bypass the 

1 0 gastrointestinal tract, including intraarterial, intradermal, intramuscular, intranasal, 
intraocular, intraperitoneal, intravenous, subcutaneous, submucosal, and intravaginal 
injection or infiision techniques. The term transdermal/transmucosal, as used heran, is 
a route of administration in which any of the compositions described herein is 
administered through or by way of the skin, including topical. The terms "nasal" and 

1 5 "inhalation" encompass techniques of administration in which an immunogenic 
composition is introduced into the pulmonary tree, including intrapulmonary or 
transpuhnonary. Preferably, the compositions of the present invention are admioistered 
nasally. 

Furthermore, the immunogenic compositions of this invention can be 
20 used to enhance immunity, or as a follow on immunization or tolerance induction, vvdien 
given together with another vaccine, such as a live attenuated vaccine, or a non-Uve, 
subunit vaccine. For example, compositions comprising one or more antigen or 
fragment or fusion thereof with Projuvant or ProtoUin may be used as a priming or 
boosting immunization (by mucosal or parenteral routes) prior to or subsequent to 
25 administering a different vaccine. 

All U.S. patents, U.S. patent application publications, U.S. patent 
applications, foreign patents, foreign patent ^plications and non-patent publications 
referred to in this specification and/or listed in the Application Data Sheet, are 
incorporated herein by reference, in their entirety. The invention having been 
30 described, the following examples are intended to illustrate, and not limit, the invention. 
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EXAMPLES 

EXAMPLE 1 
Preparation of PRO-reosoMES 

Immunogens (e.g, , microbial antigens or alleigens) may be formulated with 
5 Proteosomes to form an immunogenic composition of the instant invention capable of 
eliciting a protective immune response or tolerance in a human or animal subject. 
Proteosomes are useful as an adjuvant and are comprised of outer membrane proteins 
purified from Gram-negative bacteria. Methods for preparing Proteosomes are described 
in, for example, Mallettetal./«/ec/. Immun. 63:2382, 1995;U.S. Patent No. 6,476,201 Bl; 

10 U.S. Patent Application Publication No. 2001/0053368; and U.S. Patent Application 
Publication No. 2003/0044425. Briefly, a paste of phmoUdUed Group B type 2 Neisseria 
meningitidis was extracted with a solution of 6%Empigen® BB (EBB) (AJbri^t and 
Wilson, Whithaven, Cumbria, UK) in 1 M calcium chloride. The extmct was precipitated 
with ethanol, solubilized in 1% EBB-Tris/EDTA-saline, and then precipitated with 

1 5 ammonium sulfate. The precipitated Proteosomes were re-solubilized in 1 % EBB buffer, 
diafiltered, and stored in a 0.1% EBB buifer at -70^C. 

A flow chart of this process, which resulted in Proteosomes having a 
liposaccharide content of between about 0,5% and about 5%, is shown in Flowchart lA 
(Figure lA). Proteosomes may also be prepared by omitting the ammonium sulfate 

20 precipitation step to shorten the process. The resultant Proteosomes having a 
liposaccharide content of between about 12% and about 25%, and may, depending upon 
the materials, be between about 15% and about 20%, as shown in Flowchart IB (Figure 
IB). A person having ordinary skill in the ait could adjust methods for preparing 
formulations comprising Projuvant or OMP-LPS (Protollin) compositions as described 

25 herein to optimize particular characteristics of the vaccine components. 
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EXAMPLE 2 
Preparation of Lfposaccharides 

The example in Flowchart 2 (Figure 2) shows the process for the isolation 
and purification of LPS {e.g., non-detoxified) fi-om S.flexneri or P. shigelloides. This 
5 process can similarly be used for preparing LPS from one or more other Gram-negative 
bacteria, including Shigella, Plesiomonas, Porphyi'omonas, Escherichia^ and Salmonella 
species. Following growth of bacteria by fermentation in 300 L, the bacteria were 
sedimented and the cell paste was re-hydmted with 3 ml 0.9 M NaCl, 0.005 M EDTA, and 
1 0 mg lysozyme per gram of bacterial paste. Lysozyme digestion was allowed to proceed 

10 for 1 hour at room temperature. Then 50 U/ml Benzonase® (DNase) (Merck Chemicals) in 
0»025 M MgCl2 was added> and DNase digestion was allowed to proceed at room 
temperature for 30 minutes. The suspension was then cracked by passage through a 
microfluidizer at 1 4,000 to 1 9,000 psi. Fresh DNase (50 U/ml) was added, and digestion of 
the suspension was allowed to proceed for an additional 30 minutes at room temperature. 

1 5 The digested cell suspension was heated to 68*^C in a water bath. An equal volume of 90% 
phenol (also heated to 68^C) was then added, and the mixture was incubated with shaking 
at 68*^C for 30 minutes. The mixture was centrifuged at 4°C to separate the aqueous and 
organic phases. The aqueous phase was harvested and the organic phase was re-extracted 
with WFI (water for injection) at 68^C for 30 minutes. The mixture was centrifuged at 4*^0, 

20 the second aqueous phase was harvested, and the two harvested aqueous phases were 
combined. To precipitate nucleic acids, 20% ethanol witii 10 mM CaClj was added to the 
pooled aqueous phases. The mixture was stirred at 4**C overnight. Precipitated nucleic 
acids were then sedunented by centrifugation at 10,000 x g for 30 minutes. Hie 
supernatant was harvested, concentrated, and diafiltered using a 30,000 MW hollow fiber 

25 cartridge into 0.15 M NaCl, 0.05 MTris, 0.01 MEDTA,and0.1% Empigen®BB,pH8.0 
(TEEN buffer). The LPS was then sterile-filtered using a 0.22 \xm Millipak® 60 filter unit, 
aliquoted into sterile storage containers, and frozen at -80^C. Stability studies indicated 
that bulk LPS has a storage life of at least 2 years. 
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EXAMPLE 3 

Prepar-^tion and Characterization of Proteosome.Liposaccharide Adjuvant 

A Proteosome adjuvant formulation was prepared by admixing Proteosomes 
with LPS (ProtoUin). The LPS can be derived from any of a number of one or more Gram 
negative bacteria, such as Shigella, Plesiomonas, Escherichia^ or Salmonella species {see 
Example 2), which is mixed with the Proteosomes of Example 1, as described in Flowchart 
3 (Figure 3). Briefly, Proteosomes and LPS were thawed overnight at 4°C and the 
detergent concentration was adjusted to 1% Empigen® BB in TEEN buffer. The 
Proteosomes and LPS were mixed for 1 5 minutes at room temperature in quantities that 
resulted in a final wt/wt ratio of between about 10:1 and about 1:3 of ProteosomerLPS. 
The ProteosomerLPS mixture was diafiltered on an appropriately sized , Size 9) 10,000 
MWCO (molecular weight cut-off) hollow fiber cartridge into TNS buJBfer (0.05 M Tris, 
150 mM NaCl pH 8,0). The diafiltration was stopped when Empigen® content in the 
permeate was <50 ppm, which was determined by Empigen® Turbidity Assay or by a 
Bradford Reagent Assay manufacturer's and standard protocols. The bulk adjuvant 
(referred to herein as OMP-LPS) was concentrated and adjusted to 5 mg/ml protein. The 
protein content was determined by a standard Lowry assay. The adjuvant was sterile- 
filtered using a 0.22 Millipak 20 filter unit The bulk adjuvant was aliquoted into 
sterile storage containers and frozen. 

The OMP-LPS adjuvant was tested for (1) Empigen® (400 ppm) using 
reverse-phase HPLC; (2) protein content by a Lowry assay; and (3) LPS content by 
measurement in a 2-keto-3-deoxyoctDnate (KDO) assay. The OMP-LPS composition was 
further characterized for particle size distribution as determined by quantitative number 
weighted analysis using a particle seizer (e.g., Brookhaven Instruments model 90 plus or 
similar machine) ( 1 0-1 00 nm). However, the particle size for the complex may increase or 
modulate with varymg {e,g., hi^er) Proteosome to LPS ratio. These Proteosome:LPS 
complexes have been termed Protollin. Stability data indicated that this formulation is 
stable for longer than 2 years. 

Protollin has been prepared using other sources of LPS. Two Protollin 
preparations were made using LPS from two different strains of £ coli and had similar 
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adjuvant activity » ProtoUin is also prepared using//, meningiditis LPS. M meningitis LPS 
is frequently called LOS denoting lipooligosaccharide because the 0-side chain of K 
meningiditis liposaccharide is shorter than that of other Gram-negative bacteria such as E. 
coli and Shigella, Production of Protollin with K meningiditis LPS (ProtoUin-Nra) is 
5 diflfeient from all other versions of ProtoUin. During the production otK meningiditis 
Proteosome OMPs, LPS is removed by ammonium sulfate precipitation techniques so that 
Proteosome particles have less than 2 .5% N. meningiditis LPS. If the LPS is not removed 
at this step, the resultant Proteosome particles have about 20-25% LPS, resulting in an 
OMP:LPS ratio ranging from about 5 : 1 to about 4: 1 . Thus, Protollin-Nm is produced in a 
10 single step, thereby eliminating furttier purification of the Proteosome particles. An aliquot 
of each Protollin is retained for use in, for example, a spin-down assay to verify 
Proteosome OMP complexing with LPS. Each of these versions of Protollin is tested in 
mice for adjuvant activity after formulation with rPA (recombinant Protective Antigen). 

15 EXAMPLE 4 

Immunization with Protollin foriv4ULATED wtth Plague Antigen Fl-V 

This Example describes the ability of ProteosomerLPS (Protollin) 
compositions formulated witib plague antigen (Fl -V) to elicit an immune response capable 
of protecting against a lethal challenge with Yersinia pestis. The Fl-V immune response 

20 was assessed by immunizing groups of 20 6-8 week old female Swiss- Webster mice 
(Charles River, St-Constant, Quebec) on days 0 and 21. Freshly thawed aliquots of 
Protollin and Fl-V fusion protein (U.S. Army Medical Research Institute of Infectious 
Disease) solutions were mixed less than 16 hours prior to immimization. For nasal 
administration, mice were first lightly anesthetized by isoflurane inhalation. Twenty-five 

25 microliters of vaccine or appropriate control samples (Protollin alone or F 1 -V alone) w©re 
applied to the nares (12.5 \i\ per nostril) of each mouse. In parallel, a group of mice were 
immunized intramuscularly (i.ra.) by injection into hind limbs with 25 \A Fl-V adsorbed to 
500 mg of Alhydrogel®. Control ijn. injections were also performed. Thiity-fiveand55 
days thereafter, 10 mice firam each group were euthanized by asphyxiation with CO2 and 
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exsanguination. Serum, nasal wash, and lung lavage samples were obtained and stored at - 
80 **C. Spleens were processed for in vitro restimulation and assessment of released 
cytokines. The remaining 10 mice firom each group were challenged on day 35 or 55 by 
inhalation of 170-250 LD50 of aerosolized K pestis (Colorado 92 strain) to assess 
protection. Mice were monitored for 28 days after challenge for determination of 
morbidity and mortality. 

Antibodies present in serum and lung lavage fluid samples were obtained 
from mice immunized intranasally with two doses of Fl-V antigen formulated witfi 
Protollin and compared with samples from mice immunized intranasally with Fl-V alone 
or with niice immunized intramuscularly with Alhydrogel -adsorbed Fl-V. The results are 
shown in Figure 4. All combinations of Protollin and Fl-V were highly inmiunogenic and 
elicited Fl-V specific serum IgG titers of between 1 and 9 mg/ml (Figure 4A). On both 
sampling days a trend towards lower titers elicited by the lower Fl-V and/or Protollin 
concentrations was observed, but no significant differences were measured in the specific 
IgG titers elicited by any combination of Fl-V and Protollin concentrations or those 
elicited by mtramuscular injection of 20 |xg of F 1 -V adsorbed onto Alhydrogel (P > 0.05). 
All specific serum IgG titers in mice inamunized with Fl-V formulated vaccines were 
significantly higher than titers measured in animals that received nasal administration of 
miformulated Fl-V controls (P < 0.001). No Fl-V specific antibodies were detected in 
serum from control mice. 

The levels of specific anti-Fl -V, anti-Fl , and anti-V antibodies present in 
lung lavage samples were determined by ELISA performed according to standard 
methodologies using Fl-V fiision protein, Fl polypeptide, and V polypeptide as antigens 
(U.S. Army Medical Research Institute of Infectious Disease). IgG and IgA antibody titers 
were determined on individual samples by ELISA as previously described (Plante et al.. 
Vaccine 20:218 (2001)). Briefly, ELISA plates were coated with Fl-V, Fl, or V at pre- 
determined concentrations. Bound antibody is detected with HRP-conjugated anti-mouse 
IgG or IgA. Data are expressed as geometric means of antibody concentrations in 
individual mouse samples, and the significance of the data is assessed by ANO VA analysis 
using Txikey-Kramer pair-wise comparisons. All groups of mice inmiunized intranasally 
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with Fl-V antigen plus ProtoUin had high titers of Fl-V specific lung IgA as shown in 
Figure 4B, confirming that immunization by mucosal {e.g., intranasal) routes efficiently 
elicits mucosal antibodies. ANOVA analysis indicated no significant differences in the 
IgA titers among groups of mice that were immunized with different combination of Fl -V 
5 plus ProtoUin. Animals that received unformulated Fl-V alone nasally had barely 
detectable IgA levels. Secretory IgA was not detected in samples firom mice injected i.m. 
with Alhydrogel-adsorbed Fl-V. 

Sera and lung lavage fluid fi:om all mice immunized with a 20 \ig dose of 
Fl-V antigen were examined in an ELISA to determine if antibodies in sera specifically 

1 0 bound to Fl or V or both components. In all instances and at both sampling tunes, serum 
IgG and lung lavage fluid IgA antibodies that recognized Fl and V portions of the Fl-V 
antigen were detected (Table 1). Binding of lung lavage and serum antibodies fix)mmice 
immunized with Protollin compositions to the Fl and V portions of the Fl-V antigen 
indicated that the immune response was primarily directed against the V component of the 

15 Fl-V fusion piotein (Table 1)« Lung lavage samples also contained significant titers of Fl- 
V specific IgG, even though the titers represmted only a small percent of the serum titers 
(range 0.1 1% - 0.56%; median 0.175%). 

Table 1. Ratio of Anti-Fl to anti-V Antibodies in Serum and Lung Lavage Fluids of Mice 
20 Immunized with Several Formulations of Plague Antigen Fl-V 





F1-V+ 
ProtoUm 


F1-V+ lug 
ProtoUk 


Fl-V + 0.25 ng 
Protollin 


Fl-V i.n. 


F1-V + 
Alhydrogel ijn. 


Serum IgQdSS 


0.31 


0.30 


0.34 


031 


0.65 


Senunl^dSS 


0.25 


0.26 


0.33 


0.58 


0.29 


Lung IgA d35 


0.42 


0.39 


0.33 


N/A 


N/A 


Lung IgA dSS 


0.49 


0.29 


0.32 


N/A 


N/A 


Lung IgG d35 


0.40 


0.53 


0.44 


N/A 


1.02 


Lung IgG dSS 


0.48 


0.48 


0.46 


N/A 


1.03 
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EXAMPLE 5 
Determination of Cytokine Profile After 
Immunization with Protollin:Plague Antigen 

To compare the phenotype (type 1 or type 2) of the adaptive immune 
5 response elicited by intranasally adminstered ProtoUm or injected Alhydrogel® adjuvanted 
Fl vaccine, splenocytes from selected groups of immunized mice (see Example 4) wrere 
re-stimulated in vitro with Fl-V. Spleens from each group of mice were pooled and 
processed into single cell suspensions according to standard methods. The splenic cell 
suspensions were then incubated with different concentrations of Fl -V. Cytokines released 

10 into culture supematants were determined by quantitative ELISA using OplEIA kits (BD 
Biosciences, San Jose, CA). The amounts of IFN-y, TNF-a, and IL-5 cytokines released 
into culture supematants were determined. Splenocytes from mice inmiunized intranasally 
with Fl-V (50 mixed with ProtoUin (1 jig) responded to m vitro re-stimulation by 
secreting high levels of both IFN-y and TNF-a; a very low amount of IL-5 was also 

15 detected. In contrast, splenocytes from mice immunized by injection of Fl-V (20 |ig) 
adsorbed onto Albydrogel responded by secreting comparatively lower amounts of IFN-y 
and TNF-a, although a significant amount of IL-5 was detected. Thus, the cytokine profile 
elicited by nasal administered of ProtolUn formulated (adjuvanted) with F 1 -V antigen was 
consistent with eliciting a type 1 immune response, whereas the cytokine profile induced 

20 by i.m. injection of Fl-V antigen formulated with Alhydrogel® is more consistent with a 
response biased toward a type 2 phenotype. 

EXAMPLE 6 

CliALLENGE OF IMMUNIZED MlCE WITH AEROSOLIZED LiVE Z FESTIS 

This Example describes immune protection provided by intranasal 
25 immunization with Fl-V formulated with ProtoUin. Mice that received Fl-V combined 
with Protollin were challenged by whole-body exposure to live aerosolized K pestis (see 
Example 4). The level of protection from challenge indicated by survival of animals was 
compared with protection of mice that were injected with F 1 -V adsorbed onto Alhydrogel 
and mice that received intranasal administration of Fl -V alone or Protollin alone. On day 
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35 and at a challenge dose of 169 LD50 K pestis, mice immunized intranasally with 5, 20, 
or 50 [jigofFl-Vplus 1 or 2.5 |agof ProtoUin all survived, as did mice injected with Fl-V 
adsorbed onto Alhydrogel. Survival of mice immunized nasally with 5, 20, or 50 jig of Fl - 
V and 0.25 |.ig of Protollin was 90%, 100%, and 90%, respectively, while survival of mice 
5 immunized nasally with the same doses of Fl-V without Protollin was only 30%, 40% and 
40%, respectively. None of the control mice that received Protollin alone survived longer 
than 4 days post chall«ige. Survival for all mouse groups immunized with Fl-V 
formulated with Protollin was highly significant compared to survival in control nuce or 
mice immunized wdth Fl-V alone (P < 0.05 or better using Fishor's Exact Probability 

1 0 Test). The results for mice immunized with 20 |ig doses of F 1 -V are shown hi Figure 5A, 
and the results for animals immunized vsdth 5 \ig doses of Fl-V are shown in Figure 5D. 

Similar results were obtained when animals were challenged on day 55 
(Figure 5B). All mice immunized with 2.5 fig Protollin formulated witii Fl -V and mice 
immunized by injection of Fl - V adsorbed onto Alhydrogel survived cliallenge by Y. pestis. 

15 All mice immunized with 1 |Lig of Protollin formulated with 50 ixg or 20 |ig of Fl-V also 
survived, while 90% of animals that received all other combinations of Protollin and Fl-V 
survived. In all mice immunized with formulated Fl-V (Fl -V plus Protollin), the observed 
protection was highly significant (P < 0.01 or better) compared to mice immunized with 
unformulated Fl-V (10-30% protection) or the Protollin otily control group of mice in 

20 which no animals survived 

Mice immunized nasally with 50 ^g of Fl-V with or without lug of 
Protollin, or that were injected witib 20 ^g of Fl-V adsorbed onto Alhydrogel, were 
challenged on day 55 by whole body exposure to 254 LDso aerosolized live 7. pestis. The 
results are presented in Figure 5C. Eighty percent of the mice that were immunized with 

25 50 [ig Fl-V plus 1 \xg Protolin survived; 60% of mice that were immunized with 20 |ig of 
F 1 -V adsorbed onto Alhydrogel survived; and 20% of animals that tiiat received F 1 - V only 
survived lethal challenge. Control mice givenProtoUin alone all died. Immunization v^dth 
formulated Fl-V induced significant protection against death compared to control mice (P 
< 0.001 for nasal Fl-V plus Protollin; P < 0.01 for i.m. injected Fl-V). Nasal 

30 immunization with F 1 -V plus Protollin offered significantly protection against deaHi flian 
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immunization with Fl-V alone (P < 0.05). Survival of mice injected -with Fl-V adsorbed 
onto Alhydrogel was not significantly better than survival of animals immicnized 
intranasally with Fl-V without Protollin (P = 0.095). 

EXAMPLE? 

5 Protection of Mice by Protollin Anthrax Immunogenic Formulations 

la this Example, Protollin formulated with Protective Antigen (PA) of 
Bacillus cmthracis {see Example 8) was assessed for its c^ability to induce an immune 
response exemplified by a statistically significant reduction in P A-mediated macrophage 
killing. Mice were immunized nasally on days 0 and 14 with 5 or 25 ^ig rPA (List 

10 Biological Laboratories) admixed with 1 fig of Protollin, 

A standard ELIS A protocol was used to detect IgG and IgA I serum and 
lung lavage samples. Briefly, serial dilutions of the test samples (serum and lavage fluids) 
were added to the wells of ELISA plates that were coated with purified rPA. Antigen- 
specific antibodies that adhered to the immobilized antigen were detected with anti-mouse 

15 constant region antibody conjugated to horseradish peroxidase (HRP). Following 
incubation of the HRP antibody conjugate, the wells were washed, TMB substrate was 
added, and the amount of bound HRP antibody was detected by measuring absorbance at 
490 nm. Antibody concentrations in the test samples were calculated from standard curves 
that were run in parallel, using purified standard antibodies for IgA and IgG. ELISA data 

20 were expressed as geometric means at 95% confidence levels according to a statistical 
analysis using log-transformed data- Animals that received Protollin plus PA showed 
specific anti-PA serum IgG and lung IgA levels that were significantly higher than those of 
mice that were intranasally administered 5 or 25 [xg of rPA alone (p<0.05) (Figure 6A-B). 
Mucosal IgA levels in animals treated with the Protollin alone or rPA alone were below the 

25 detection level of this assay. 

The capability of specific anti-PA antibodies to neutralize PA-mediated 
macrophage killing was evaluated using a cell culture assay system using serum and lung 
lavage fluid samples from the animals. RAW264.7 macrophages (ATCC, Manassas, VA) 
(2x10^ cells per well) were plated in sterile 96-well plates and incubated at 3TC for 24 
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hours in 5% CO2. Serial dilutions of senmi or lung lavage flxiid samples from the PA- 
immunized animals were incubated with a PA solution (4 |ig/ml in rPMI cell culture media 
supplemented with 1 0% fetal bovine serum) 1 hour at 37°C, after which the mixtures were 
added to the wells containing RAW264.7 cells. A solution of Lethal Factor (LF) was 
5 added to the wells, and the plates were incubated at 37°C in 5% CO2 for 4 hours. A 
solution of MTT (3-(4,5-dlmethyIthiazol--2-yl)-2,5-diphenyItetrazolium bromide) (Sigma- 
Aldrich, St Louis, MO) to measure cell viability was then added to each well, and the 
plates mcubated for 4 hours at 37®C in 5% CO2. The reaction was stopped by adding 20% 
SDS in 50% DMF (dimethylformamide), pH 4.3. Optical density is measured with an 
10 ELISA plate reader (Molecular Devices, Menlo Park, CA) at 570 nm (reference at 690 
nm). Theassayislinearinforoellconcentrationsintherangeof lO^tolO^cells/welL The 
nasal vaccine^ rPA+Protollin, elicited comparable levels of antibodies fliat neutralized rPA 
activity as did the IM alum-adjuvanted vaccine (Figure 7). 

EXAMPLES 

15 Preparation of Anthrax Vaccine Formulations 

Nasal Protollin anthrax vaccines are made by admixing the anthrax PA 
antigens with soluble pre-formed Proteosome plus LPS {Le,, Protollin) prior to 
immunization. Both rPA and rP A-anch (rPa with a hydrophobic anchor sequence) anligms 
are evaluated with several different formulations of Protollin to detennine the 

20 formulation(s) with preferred immunogenic antigen and Protollhi components. Control 
formulations consist of, for example, Protollin alone or mixed with at least one and 
preferably two control antigens, including a recombinant streptococcal protein with or 
without a hydrophobic anchor sequence (anch). Accordingly, formulations of Protollin ttiat 
are evaluated have different sources of LPS, varied ProteosomerLPS ratios, and varied 

25 ProtoUinrrPA antigen ratios. rPA-anch is also formulated with Proteosome proteins that 
have very low levels of LPS (<2% by weight) using the dialysis or diafiltration 
methodology described herein, which is designed to remove or reduce the concentration of 
detergent in which the Proteosome adjuvant is stored- These Proteosome adjuvant 
preparations do not have exogmous LPS added. The Proteosome preparations used to 
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fonnulate Protollin as described in this example have been used in extensive pre-clinical 
toxicity studies as well as Phase 1 and Phase 2 human clinical trials to evaluate safety, 
immunogenicity, and efificacy of a Proteosome nasal influenza vaccine. 

The preferred LPS bacterial type and source and the preferred ratio of 
5 OMP:LPS formulation is determined by immunogenicity studies. After fermentation of the 
preferred bacteria, LPS is purified and analyzed. The purified LPS is then mixed with 
Proteosome OMP particles at the selected ratio to form a OMPiLPS conq)lex, Protollia 
The extent of complex formation of the LPS and OMPs is determined according to "free- 
vs.-bound" assays using capillary electrophoresis, IPS "spiking*' studies, and other 

10 analyses practiced in the art. ProtoUinis analyzed for LPS content usmgKDO^NMR, and 
silver stain PAGE, and analyzed for Proteosome OMP content using LC-MS, RP-HPLC, 
SDS-PAGE (Coomassie Blue stain & Western immunoblot using monoclonal and 
polyclonal antibodies), N-tenninal sequencing, amino acid analysis, total protein by Lowry 
or BCA, and MALDI-TOFMS for example. The presence of residual LPS, nucleic acids, 

15 and detergents is determined using various techniques including KDO to determine LPS 
content and HPLC to detOTnine the presence of detergent 

EXAMPLE 9 

Evaluation of Serum and Mucosal Immune Response 

An ELIS A is performed to determine total immunoglobulin and B. anthracis 
20 Protective Antigen (P A)"Specific IgG, IgA. and IgM titers in biological samples obtained 
from animals (mice, rabbits) immunized with test immunostimulatory or immunogenic 
formulations as described herein. Samples include senmi, nasal and lung mucosal washes. 
A standard ELISA protocol is used to determine linearity, specificity, sensitivity, and 
reproducibility. Briefly, serial dilutions of the test samples (serum and lavage fluids) are 
25 added to the wells of ELISA plates that are coated with purified rPA, or derivatives thereof 
Antigen-specific antibodies that adhere to the immobilized antigen are detected with 
animal (for example, and anti-rabbit or anti-mouse constant region antibody) and antibody- 
subtype specific horseradish peroxidase (HRP) conjugated antibodies. Following 
incubation of an HRP antibody conjugate, the wells are washed, TMB substrate is added, 
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and the amount of bound fIRP antibody is detected by measuring absorbance at 490 nm. 
Antibody concentrations in the test samples are calculated from standard curves that are 
run in parallel, using purified standard antibodies for IgA, IgM, and/or IgG (including 
mouse isotypes, IgGl and IgG2a). When appropriate, specific antibody levels in mucosal 
5 wash fluid samples are standardized and normalized by ©cpiessing the specific antibodies 
detected in comparison to the total amoimt of IgA or IgG in the sample. ELISA data are 
oppressed as geometric means at 95% confidence levels according to a statistical analysis 
using log-transformed data. 

EXAMPLE 10 

1 0 Macrophage Protection Assay to Evaluate for 

Anthrax Neutralizing Antibodies 

This Example describe an assay that is used to measure neutralizing 
antibodies from animals immunized with Proteosome vaccines. In vitro assays are 
designed to measure inhibition of anthrax toxin cytotoxicity by serum samples obtained 

15 from immunized animals. Serial dilutions of the serum samples are added in combination 
with lethal quantities of anthrax PA and Lethal Factor (LF) (List Biological Laboratories, 
Cambell, CA) to J774A.1 macrophage cells or other macrophage cell line for 3 hours at 
ST'C in a 96-well plate. Cell viability is measured chromatogr^hically by adding one- 
tKith volume solution of 5 mg/ml MTT. After an incubation of 4 h at SVC, the assay 

20 plates are analyzed spectrophotometrically at 570 nm using an ELISA plate reader 
(Molecular Devices, MenIo Park, CA). The assay is Unear for cell concentrations in the 
range of 1 0'* to 10^ cells/well. 

EXAMPLE 11 
Cell Mediated Immunity Assay to Evaluate 
25 Immunization Against Anthrax 

Cellular immune responses that are induced following immunization with 
ihe Proteosome-based PA vaccines are studied using a variety of methods. For example, T 



56 



wo 2005/042017 



PCTAJS2004/035041 



cell-derived cytokines are assessed on PA-re-stimulated purified or enriched T cells 
isolated from mouse spleen and/or mediastinal lymph nodes. The presence and levels of 
Type 1 {e.g., IFN-y) and type II (e.g., IL-4 and IL-5) cytokines are determined by one or 
more methods including ELISA, ELISPOT. The presence and levels of intracellular 
5 cytokines is determined by standard flow-cytometry methods. Techniques that measure 
proliferation of PA-re-stimulated PBMC T cells are used to evaluate cell-mediated inmrune 
responses in rabbits due to unavailability of leag^ts that are specific for rabbit cytokines. 

T lymphocyte proliferation assays are xised to measure tiie effect of 
immunization on clonal expansion and determine the presence of memory lymphocytes in 

1 0 animals from various animal models. Following aiumal sacrifice, mediastinal and cervical 
lymph nodes are surgically removed using standard techniques, the lynq^hocytes are 
isolated and then cultured with and without PA. Proliferation is measured by uptake of ^H- 
thymidine. Cells from animals immunized with sham vaccine will be used as negative 
controls. Assay results are used to determine the effect of immunization on T cell 

15 differentiation in the lymph nodes, particularly in relation to mucosal immunity. The 
results are also correlated with efficacy of immunization determined in anthrax challenge 
animal studies. 



EXAMPLE 12 

Methods for Collecting Nasal Wash and Lung Lavage 

20 Lung and nasal washes from mice and rabbits were collected to analyze the 

immune response to immunostimulatory or immunogenic formulations. In mice, nasal 
washes and lung lavage were perfonned by cannulating the trachea and pumping 1ml PBS 
supplemented with 0.1% bovine s^xun albumin and protease inhibitors (General Use 
Protease Inhibitor Cocktail; Sigma-Aldricfa Chemicals containing 0.2 mM AEBSR, l^ml 

25 aprotinin, 3.25 |xM bestatin, 10 |iM Leupeptin) upwards through the trachea. Fluid 
emerging from die nostrils was collected, vortexed, and then centrifuged to remove tissue 
and cell debris. The supematants were stored at -TO^C A cannula was reinserted into the 
trachea and directed toward the lung for collection of lung fluids. Lungs were lavaged 
twice with 1 .0 ml protease supplemented PBS; the fluid was collected and vortexed; and 
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the cell debris removed by centrifugation. Lung and nasal washes were stored at -TO^'C. 
Rabbit mucosal fluids were similarly collected, adjusting the volumes as appropriate. In 
certain experiments, after collecting mucosal samples, cervical and mediastinal lymph 
nodes were surgicaDy removed and mononuclear cells isolated and cultured for ELISPOT 
5 antibody, cytokine, and CMI assays as described herein. 

EXAMPLE 13 
Eliciting Innate Immunity in Rabbfts with Protolun 

Protollin has adjuvant activity related to both Proteosomes and LPS. 
Capability of Protollin alone (without antigen) to stimulate innate immunity against aerosol 
1 0 challenge with various pathogens, such as Chlamydia trachomatis or Bacillus anthracis, is 
determined. Rabbits are challenged via aerosol wifli 100 or 200 LD50 of anthrax spores 
within a few days, or lon^r, after receiving Protollin. Rabbits that survive tiie anthrax 
challenge are immunized ag^ with Protollin to determine if protection can be prolonged 
or innate immunity restimulated. 

15 EXAMPLE 14 

Induction of an Immune Response by Proteosome:LPS formulations Against 
Challenge with Chlamydia trachomatis 

Chlamydia LPS is highly conserved among various Chlamydia strains and 
data suggest that antibodies specific for Chlainydia-gcms specific LPS may protect against 

20 Chlamydia infection (Peterson et al.. Infect. Immun. 66: 3848, 1998)« Chlamydia LPS was 
produced in a recombinant Escherichia coli that synfliesizes both E. coli LPS and a rough 
'chlamydia-like' mutant (rLPS) in equal proportions {CxJE. coli rLPS) (purchased from 
GlycoTech, Kukels, Germany). A murine lung model for Chlamydia infection was used to 
evaluate the immune response effected by CxIE. coli rLPS formulated with Protollin. 

25 Proteosome:LPS compositions were prepared using a dialysis procedure 

With CxJE, coli rLPS, Proteosomes alone (solubilized in 0.1 % Empigen BB detergent) 
or solubilized witia LPS (solubilized in 1 % Empigen BB detergent) at a final 
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concentration of 1 mg/ml Proteosomes were added to SpectraPor dialysis tubing with a 
1 ,000 M W cutoff. Dialysis was performed against phosphate buffered saline (PBS) for 10 
days or longer. The duration of dialysis can be adjusted to retain varying amounts of 
detergent in the vaccine formulation including, for example, concentrations from 250, 500, 
5 750, 1 000 ppm, or more, or even lower amounts {e,g,^ 50 ppm)* The concentration of LPS 
in the dialyzed samples was determined by measuring 3-Deoxy-D-mamio-octulosonate, 
and the concentration of protein was determined using the standard Lowry method. A 
mixtxire of Proteosomes and C trJE, coli LPS prior to dialysis was approximately at a ratio 
of 1 :2.7 (weight Proteosomesrweight C trJE. coli LPS), which resulted in a ratio of 

10 approximately 1:L8 post-dialysis. A mixture of Proteosomes and E, coli LPS prior to 
dialysis was 1:L35 and was approximately 1:1-4 after dialysis. 

In order to determine whether Chlamydia LPS provided in a proteosome 
formulation is able to protect mice specifically against a live Chlamydia bacterial 
challenge, grovq^s of 16 mice (6-8 weeks-old) were anesthetized and then immimized 

15 intranasally on days 0 and 22 with Proteosome: C.t./£, coli rLPS. Mice were also treated 
with ProteosbmeiE. coli LPS, or YrotQOSom^iPlesiomonas shigelloides LPS. The 
Proteosome:LPS formulations were given at ProteosomeiPS ratios and doses described in 
Table 2. Other groups of mice were given either 400 infection units (EFXJs) of live CT 
MoPn (positive control) or HeLa cell extract (negative control; corresponding to the 

20 volume of extract required to purify 400 IFUs of mouse pneumonitis strain of C 
trachomatis (CT MoPn) grown in infected HeLa cells) as a single dose on day 0. All 
immunizations were given in volumes of 25 |il (12.5 |il/nostril). 

Blood was aseptically collected ftom the retroorbital sinuses of each mouse 
on day -1 and day 30. Bronchoalveolar lavages were performed on day 30 on 6 mice per 

25 group. On day 34, each of the remaining 1 0 mice/group was given an intranasal challenge 
with 5,000 IFUs of live CT MoPn. Daily body weights of these mice were measured for 1 0 
consecutive days. Cardiac exsanguination and lung collection were performed on mice 
sacrificed during this 1 0-day period. The quantity of Chlamydia IFUs in the lungs was 
determmed by applying lung and lavage samples to HeLa cells and identifying Chlamydia 

30 elementary bodies (EB) using fluorescent specific anti-Chlamydia monoclonal antibodies. 
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Mice that were immunized nasally with 400 IFUs CT MoPn (group 2 
Ct400) were highly protected against body weight loss (BW max loss) (Table 3; P= 
0.001326). None of the mice in this group had detectable C trachomatis in their lungs 
(Table 4; P ^ 4 x 10'^) up to ten days after intranasal challenge with 5,000 IFUs CT MoPn. 
5 Control mice that received HeLa cell extract (group 1 HELA) were not protected from 
lethal challenge as shown by high body weight maximum losses (% reduction) and high 
titers of Chlamydia mfection units (IFUs) in the lungs (Tables 3 and 4). Mice treated with 
proteosome preparations containing Chlamydia LPS, and also either £ coli or P. 
shigelloides LPS, showed significant protection against weight loss and bacterial growth 

10 (Tables 3 and 4). 

To investigate whether protection may be due, at least in part, to specific 
Sinti-Chlamydia LPS antibodies, the presence of Chlamydia specific antibodies in sera and 
lung from immunized mice was determined by ELISA using inactivated whole cell 
Chlan^dia as the antigen source. Sera were obtained from animals immunized with 

1 5 proteosome-LFS vaccines two weeks after the second immunization on Day 22. Sera from 
animals immunized with HeLa cell extract or CT-MoPn were obtained on day 30 after the 
first and only immunization. Results presented in Table 2 demonstrated that antibodies 
present in serum and lung from animals given Proteosomes formulated with Chlamydia 
LPS bound to whole cell Chlamydia. 

20 To determine if the antibodies that bound to Chlamydia cross-reacted with 

epitopes present on E. coli LPS and P. shigelloides LPS, bmduig of antibodies in sem and 
lung from treated animals to these LPS types was also determined by ELISA. The results 
presented in Table 2 demonstrated that antibodies in the sera of mice unmunized with each 
of the specific LPS types in the Proteosorae:LPS formulations bound only to the 

25 corresponding LPS. Only antibodies from animals immunized with proteosome- 
formulated Chlamydia LPS bound to whole cell Chlamydia^ Proteosome formulated with 
LPS from either £. coli alone or P. shigelloides faDed to bind to whole cell Chlamydia; 
however, fliese preparations significantly protected mice ag^nst Chlamydia challenge (see 
Tables 3 and 4), 
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Table 2. Immunogenicity of Protollin Compositions Administered Intranasaliy to 
BALB/c Mice 



Group 


A ill 

Antigens' ' 


Dose Level 
Ratio 
. Jig Projuvani: 
ligLPS 


Serum Anti-LPS IgG Ab 
Titers^* 


Anti-C. tr. MoPn EB Titers 
(ng/ml) 


C.f, / 

E. coli 
rLPS 


E. coli 
LPS 


P. shig. 
LPS 


oemiii 


Lung<*' 


IgG 


IgA 


IgG 


1 


HeLa cell 
extract 


Not 
applicable 








<40 


<]2 


<2 


2 


Live EBs 
CT-MoPn 


400IFUS 


1280 






10,906 


669 


173 


3 


E. coli LPS 


12:8 
L5:l 


160 


1280 




<40 


378 


<2 


4 


C. UExoU 
rLPS 


640 


40 




3,158 


1532 


109 


5 


C tJExoli 
rLPS 


1.6:8 
1:5 


320 






2,187 


404 


15 


6 


P. shigella 
LPS 


10 ; 8.6 
1:1 






» 2560 


<40 


<12 


<2 



(1) Intranasal immunizations (25 [il, 12.5 |il/nostril) were given once at Day 0 to 
Group 1 (HELA cells) and group 2 {Chlcanydia trachomatis)) or given twice. Day 0 

5 (upper ratio) and Day 22 (lower ratio) to group 3-6 (proteosome:LPS vaccines) to 
anesthetized mice (16 mice/group). 

(2) Anti-LPS antibody titers in saa (pools from 6 mice) obtained 5 weeks (day 30) 
post i5rst immunization (2 weeks post-second immuni2ation with proteosome-LPS 
vaccines) are expressed as dilution that gave an 0,D. at 450 nm approximately twice 

1 0 greater than the backgroimd. 

(3) No serum saxix-Chlamydia IgA was detected independent of the antigen used for 
immunization. 

(4) For groups 1 and 2, pools of homogenized lungs were analyzed. For groups 3-6, 
pools of lung lavages were analyzed. The lungs and lung lavages were obtained on day 

15 30. 

No antiboify detected. 



Table 3. Percent Body Weight Reduction (Maximum Loss) Post-Second Treatment 



Group 


1 


2 


3 


4 


5 


6 




HeLa 


Ct400 


Ecl2:8 


Ctl2:8 


ai.6:8 


Psl0:9 
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Moused in Group 














1 


293 


2 


10.6 


11.2 


11.7 


15.5 


2 


19.4 


1.1 


32.6 


8.7 


7.4 


1.7 


3 


35.5 


9.8 


15.1 


5.8 


18 


11.4 


4 


28.6 


16.9 


16.2 


7 


20.5 


14.2 


5 


28.3 


14.5 


37.7 


16.4 


7 


7 


6 


30.3 


17.6 


17.5 


11.7 


12.3 


8.1 


7 


36.9 


6.8 


5.9 


36.8 


4.2 


6.2 


8 


23.1 




3.1 


■8.4 


41.2 


7.9 


9 


25.7 


9 


8.9 


4.5 


24.2 


9.1 


10 


26.2 


20.9 


28.6 


2.6 


8.5 


13.5 


Gmean 


27.88 


7.89 


13.85 


8.79 


12.56 


8.25 


t~test log vs HeLa 




0.001326 


0.014 


0.000124 


0.00224 


1.727x10-' 



Table 4. C trachomatis IFUs in the Lung Post-Second Treatment 



Group 


1 


2 


3 


4 


5 


6 




HeLa 


Ct400 


Ecl2:8 


Ctl2:8 


Ctl.6;8 


Psl0:9 


Mouse # in Group 














1 


48500 


9 


9 


9 


9 


1100 


2 


51300 


9 


91000 


9 


9 


9 


3 


1100 


9 


9 


9 


14900 


290 


4 


6000 


9 


2250 


9 


1500 


9 


5 


200 


9 


24400 


9 


9 


9 


6 


35000 


9 


500 


3150 


9 


9 


7 


47000 


9 


9 


46S00 


9 


9 


8 


1300 


9 


9 


9 


29400 


.320 


9 


63000 


9 


9 


9 


16300 


9 


10 


77000 


10 


1900 


9 


9 


5000 


Gmean 


11304.14 


9.10 


221.18 


38.02 


149.81 


55.38 


t-test log vs HeLa 




4x10' 


0.0088 


0.00015 


0.0050 


6.71 X 10-' 



CiAOO - Chlamydia; BclliZ-RcoliUPS; Ctl2:8 or CX\.6:%- Chlamydial K coIilPS; andPslO:9 -i'. 
shigelhidesLPS. 
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EXAMPLE 15 

Duration of Innate Immune Response Protection Against Chlamydia 

The longevity of the nonspecific protection indiused by inmunostimulatoxy 
compositions, such as Proteosome:LPS (Protollin) or Proteosomes (projuvant), was 

5 examined. Groups of 10 mice were treated on day 0 and day 22 with (a) Proteosomes 
alone (ProtlO), (b) Proteosomes formulated with LPS from E, coJi (EclO:14); (c) 
Proteosomes formulated with C.tr./i: co//LPS (CtlO:18);(d) Proteosomes fonnulated with 
LPS from P, shigelloides (Psl0:12); (e) live Chlamydia (800 EFUs) (CT800); or (f) HeLa 
cell mock infection (HeLa). For each treatment, different groves of mice were challenged 

10 with viable Chlamydia bacteria at 2, 5, 8, or 1 1 weeks post-second treatment. Protection 
was evaluated by determining maximum body weight loss (% reduction) and detemiining 
Chlamydia IFUs in the lung for each mouse (designated by Mouse # in Group). The data 
are presented in Tables 5-12, 

As desmbed in Example 14, treatment with each of the Proteosome:LPS 

15 formulations or inmnmization with live Chlamydia provided significant protection 
compared to the HeLa cell control groups as indicated by prevention of wei^t loss and/or 
reduction in bacterial titers in the lung. Protection of animals treated with Proteosomes 
alone, lasted for approximately 5 weeks after the second immunization. An assay to 
detemiine the T cell proliferative response following re-stimulation with Chlamydia 

20 antigen was performed with mouse splenocytes. Spleens from each group of mice were 
pooled and processed into single cell suspensions according to standard methods. The 
splenic cell suspensions were then incubated with different concentrations of Chlamydia 
antigen. Cytokines (IFN-y, IL-10, IL-2, and TNF-a) released into culture supematants 
were determined by quantitative ELISA using OptEIA kits (BD Biosciences, San Jose, 

25 CA). In these experiments Chlamydia-specific splenic T ceU responses induced by the 
Proteosome:LPS formulations were not observed in immunized radce. In the absence of 
Chlamydia-sptcifio antibody or antigen-specific T cell responses in these immunized 
animals, a role for nonspecific, antigen-independent (innate) immunity is suggested as a 
mechanism for protecting mice from Chlamydia lung infection. Similarly, in the 

30 experiment described in Example 14, an antigen-specific T cell response was observed 
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only in animals that received Chlamydia bacteria and not in animals that received any of 
the Proteosome:LPS formulations. 



Table 5. B ody Weight Maximum Loss Measured after Challenge 2 Weeks Post-Second Immunization 



Group 


1 
J 




D 


A 


< 






HeLa 


CT800 


EclO:14 


aiO:18 


PslO:12 


ProtlO 


Mouse # in Group 














1 


33.6 


17 


37 


23,6 


35 


30.3 


2 


34.4 


12.7 


174 


34.1 


14.6 


15.6 


3 


4Ul 


13 


23.2 


8,3 


2,8 


31.7 


4 


36.5 


13.9 


29.3 


8.1 


9.4 


38.7 


5 


29.1 


5.8 


22 


16.7 


15.2 


25 


6 


41.1 


12.1 


30-1 


10.8 


11.7 


26.8 


7 


38.1 


10.9 


12,3 


7.6 


10.7 


15.5 


8 


34.3 


2.9 


34.5 


8.1 


10.2 


25.3 


9 


30.1 


2L4 


15 


4.4 


14.3 


19,9 


10 


30.5 


19.2 


23.6 


39.4 


22.6 


23.5 


Gmean 


34.64 


11.35 


23.11 


12.64 


12.38 


24.28 


t-test log vs. HELA 




1.83x10* 


0.003578 


0.000393 


0.000123 


0.00253 



5 



Table 6. Lung Chlamydta IFUs Quantified after Challenge 2 Weeks Post-Second Immunization 



Group 


1 


2 


3 


4 


5 


6 




HeLa 


CT800 


EclO:14 


Q10:18 


PslO:l2 


ProtlO 


Mouse # in Group 














1 


465000 


9 


368000 


41700 


5300000 


lOOOOO 


2 


4920000 


9 


25600 


4200000 


20000 


9 


3 


1170000 


9 


725000 


9 


9 


1200000 


4 


2270000 


9 


1510000 


9 


9 


100000 


5 


497000 


9 


128000 


272000 


58100 


72400 


6 


8660000 


9 


124000, 


69000 


9 


114000 


7 


2010000 


9 


60800 


9 


9 


9 


8 


273170 


9 


1180000 


9 


9 


437000 


9 


70100 


9 


44200 


9 


27100 


33000 


lO 


456000 


10 


52700 


2850000 


69500 


28900 


Gm.ean 


925084.91 


9.10 


175269.07 


1880.56 


962.86 


17882.17 


Wcstlogvs. IHELA 




1.6705 X 10-^' 


0.019655 


0.00418 


0.000736 


0.010898 



Values of 9 and 10 were used for calculations oft-test; however. Chlamydia was not detected. 
10 
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Table 7. Body Weight Maximum Loss Measured after Challenge S Weeks Post-Second Immunization 



{^rnim 


1 
1 






A 


5 


6 




HeLa 


CT800 


EclO: 14 




Pol A* 19 
rSJU.IZ 


rTOlIU 
















1 
1 


94 1 






in 0 
J /.Z 


20.7 


11.6 


2 


317 




R 9 


19 1 


28.6 


11.3 


3 


J 1 * J 








13.5 


19.8 


4 


39.4 


15.5 


15.2 


14.5 


18.9 


26 3 


5 


40.9 


12.1 


22.5 


26.2 


25.8 


32.2 


6 


33.8 


4.7 


30.2 


26.1 


24.3 


11.2 


7 


25.7 


28.9 


2.5 


25.1 


15.2 


20.9 


8 


23.3 


17.4 


38.3 


18.5 


5.2 


15.3 


9 


40.1 


11.8 


24.6 


15.9 


10,4 


37 


10 


39.4 


13.4 


13.5 


38.9 


10.8 


8.3 


G mean 


32.31 


13.79 


15.47 


22.41 


15.58 


17.31 


t-test log vs. HELA 




5.9122x10-^ 


0.01443 


0.018168 


0.000717 


0.002056 



Table 8, Lung Chlamydia IFUs Quantified after Challenge 5 Weeks Post-Second Immunization 



Group 


1 


2 


3 


4 


5 


6 




HeLa 


CT800 


EclO: 14 


CtlO:18 


Psl0;12 


ProtlO 


Mouse # in Group 














I 


61200 


9 


9 


573000 


29200 


9 


2 


1220000 


9 


9 


172000 


38900 


9 


3 


4620 


9 


75600 


686000 


20000 


96900 


4 


2570000 


9 


41900 


97000 


26300 


217000 


5 


5910000 


9 


62300 


181000 


40000 


121000 


6 


1420000 


9 


9710000 


863000 


69300 


9 


7 


200000 


9 


9 


157000 


82800 


52300 


8 


9 


9 


7000000 


9 


9 


83300 


9 


538000 


9 


889000 


9 


9 


339000 


10 


889000 


10 


9 


409000 


9 


9 


G mean 


151583.48 


9.10 


6156.61 


37381.58 


3162.18 


2749.09 


t-test log vs. HELA 




4.179x10"' 


0.1725 


0.4684 


0.0456 


0.0615 



Values of 9 and 10 were used for calculations of t-tes^ however. Chlamydia was not deteaed. 
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Table 9. Body Weight Maximum Loss Measured after Challenge 8 Weeks Post-Second 
Immunization 



Group 


1 


2 


3 


4 


5 


6 




HeLa 


CT800 


EclO:l4 


CtlO:l8 


Psl0:12 


ProtlO 


Mouse # in Group 














1 


35.1 


9 


23.7 


7.5 


14 


35.6 


2 


34 


10.2 


11.6 


10.8 


26.9 


25.6 


3 


16.1 


7.6 


21.2 


9.9 


12.8 


31.7 


4 


15.2 


13.2 


8.7 


18,1 


21.9 


25.2 


5 


34.7 


18.7 


15.9 


18.1 


17.5 


9.5 


6 


36.4 


8.2 


34.9 


6 


24.5 


20J 


7 


32.2 


12.4 


10.6 


11.7 


27.4 


332 


8 


33.5 


20.8 


26.4 


26.2 


6.7 


25.5 


9 


32.1 


10.2 


9.7 


5.1 


16.7 


15.3 


10 


38.6 


13.9 


7.7 


18.7 


14.4 


13.6 


G mean 


29.46 


11.78 


15.03 


11.65 


16.98 


21.84 


t-test log vs. HELA 




9.657x 10-^ 


0.00314 


0.000218 


0.00505 


0.1013 



5 



Table 10. Lung Chlamydia IFUs Quantified after Challenge 8 Weeks Post-Second Immunization 



Oroup 


1 


2 


3 


4 


5 


6 




HeLa 


CT800 


£cl0:14 


CtlO:18 


PslO:12 


ProtlO 


Mouse # in Group 














1 


6840000 


9 


11200 


9 


92400 


355000 


2 


226000 


9 


9 


129000 


257000 


157000 


3 


9 


9 


14200 


9 


9 


4260000 


4 


9 


9 


3340 


137000 


5770 


69200 


5 


2040000 


9 


57700 


352000 


15600 


6650 


6 


5.33 X 10^ 


9 


1710000 


3530 


18500 


198000 


7 


1210000 


10000 


9 


9 


345000 


7140000 


8 


1.44x10^ 


9 


28200 


15300 


3040 


124500 


9 


667000 


9 


9 


9 


47300 


163000 


10 


2210000 


9 


9 


18800 


16700 


65600 


G mean 


226134.74 


18.15 


1255.06 


1451.26 


14026.81 


214441.56 


t-test log vs. HELA 




9.626x10'^ 


0.0344 


0.0395 


0.1809 


0.978 



Values of 9 and 10 were used for calculations oft-test; however, Chlamydia was not detedbsd. 
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Challenge 1 1 Weeks Post-Secoiid Imnmnization 



Group 


1 


2 


3 


4 


5 


6 




HeLa 


CT800 


cCJ0:14 






rFOTLU 


Mouse H in Group 














1 


28.3 


11.3 


11.5 


18.2 


21.2 


16.9 


2 


19.9 


7.9 


2L1 


32.7 


15.8 


22.5 


3 


29.4 


8.6 


22.6 


25.5 


24.8 


16.8 


4 


39.3 


13.2 


9 


23.3 


8.8 


33.3 


5 


30.7 


15.7 


6.2 


23.7 


5.3 


16.1 


6 


19 


15.1 


39.1 


38.4 


6.8 


35.7 


7 


38.8 


12.4 


22.3 


25.6 


12.5 


38 


8 


34 


17.7 


15.8 


28.6 


15.5 


27.9 


9 


19.7 


15.5 


24 


24.6 




18.5 


10 


27.2 


13.3 




38.1 




26.9 


Gmean 


27.72 


12.69 


16.70 


27.19 


12.26 


24.04 


t-testlogvs.HELA 




3.74 X 10"^ 


0.02195 


0.8653 


0.000739 


0.30697 



Table 12. Luag CMcmQfdiaWUs Qugmtified after Challenge 1 1 Weeks Post-Second Immunization 



Group 


1 


2 


3 


4 


5 


6 




HeLa 


CT800 


Ecl0:l4 


ai0:18 


Psl0:12 


ProtlO 


Mouse # in Group 














1 


192000 


9 


9 


2310 


29100 


9 


2 


9090 


9 


153000 


576000 


17500 


28300 


3 


476000 


9 


338000 


20800 


17900 


5000 


4 


2225000 


9 


38000 


31700 


9 


2100000 


5 


2890000 


9 


8000 


5000 


9 


100000 


6 


21800 


9 


2500000 


414000 


9 


3270000 


7 


1.12 X 10^ 


9 


6430 


10000 


30800 


3330000 


8 


4.17 X 10^ 


9 


18600 


45000 


30000 


95500 


9 


17500 


9 


37400 


11400 




10000 


10 


216000 


10 




680000 




1500000 


G mean 


427705.51 


9.10 


22671.14 


38034.29 


1254.65 


72783.09 


Nest log vs. HELA 




5,44x10'^^ 


0.0597 


0.0421 


0.00259 


0.268 



Values of 9 and 10 were used for calculations oft-test; however. Chlamydia was not detected. 



E5CAMPLE16 
Protoixin Stimulates Protective Innate Immunity 
Against Influenza Virus Infection 



10 
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Experiment 1 

Mice were given a single intranasal dose of ProtoUin (containing 
approximately 5 ^ig each of Neisseria OMPs and S.flexneri LPS) on day 1, 2, or 3 prior to 
intranasal challenge with 25 LD50 mouse-adapted A/H3 influenza virus (Hong Kong). The 
5 virus was propagated according to standard methods (original seed stock was a generous 
gift from Dr. Phil Wyde (Baylor University, Waco, TX)). Mice were weighed prior to 
challenge and every 2 days after for a total of 14 days. Morbidity was assessed by 
weighing individual survivors and expressing weight change as the percent of weight on 
the day of diallmge {see Figure 8B), The day of any death was also recorded {see Figure 

10 8A). All mice that received Protollin 3 days prior to challenge survived and also lacked 
acute morbidity (maximum weight loss was 7%). Seventy percent survival was observed 
in the groups of animals that received Protollin 1 or 2 days prior to challenge; however, 
animals in both groups suffered 1 5-18% weight loss. The statistical significance of delay 
to time of death for each group as a whole was assessed by the Wilcoxon signed-rank test, 

15 All mice that received Protollin 72 hours prior to challenge survived. Compared to the 
survival data for the negative control group (no Protollin), survival of mice given Protollin 
on day 3 prior to challenge was highly significant (P < 0.001; Fisher's Exact Probability 
test). Seventy percent of mice that received Protollin either 1 or 2 days prior to challenge 
survived (P < 0.07 compared with the negative control group). While the absolute number 

20 of survivors in these two groups was not significantly different from the number of 
survivors in the control group, the time to death vras significantly prolong in both groups 
compared to control mice {P <0.05 or < 0,0 1 respectively in the groups given Protollin 1 or 
2 days prior to challenge). 

Morbidity was monitored in surviving mice in all groups, using loss of body 

25 weight (relative to Ifae day of challenge) as a suiTogate of morbidity resulting from 
infection. All mice lost weight during the period of monitoring although the mice given 
Protollin lost less weight than control mice given PBS. Weight loss was also dependent on 
the time between Protollin administration and challenge. Mice given Protollin 3 days prior 
to challenge suffered less weight loss than those given Protollin 2 days before challenge, 

30 and the animals given Protollin 2 days before chaUene lost less weight than those given 
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Protollin one day before challenge. Until day 8 (after which time the limited numbers of 
survivors in the control groxip made statistical comparisons unreliable), control mice lost 
significantly more weight than mice that received Protollin (on days 4 and 6 post challenge, 
P < 0.001 vs all mice given Protollin; on day 8 post challenge, P < 0.01 and P < 0.05, 
5 respectively, vs mice given Protollin 3 days or 2 days prior to challenge). These results 
showed that Protollin induced innate responses that protected mice against death following 
lethal, live virus challenge and significantly reduced morbidity associated with infection. 

Experiment 2 

10 In addition, duration of protection within a limiting dose range was 

analyzed, A single dose of 3, 1, or 0.3 p.g ProtoUm was administered to groups of mice (10 
animals per group) on day 15, 12, 9, 6, or 3 prior to challeoge with 25 LD50 of a mouse- 
adapted A/H3 influenza virus. Humane endpoint indicators for this experiment were based 
on body weight, appearance, and behavior. Animals were scored from 0-3 in each category 

15 as follows. For body weight, a score of 0 indicated no loss of start-of-study body weight; 1 
indicated 1 0% or less loss of start-of-study body weight; 2 indicated 11-19% loss of start- 
of-study body weight; and 3 indicated 20% or more loss of start-of-study body weight. For 
appearance, a score of 0 indicated normal appearance; a score of 1 indicated llir erected; a 
score of 2 indicated fur erected oily, nasal and/or ocular discharge; a score of 3 indicated 

20 himched back, severe dehydration. For behavior, a score of 0 indicated normal behavior, a 
score of 1 indicated abnormal gait and weakness; a score of 2 indicated activity decreased, 
severe tremors; and a score of 3 indicated inactive. Mice with a score of 3 or more in 
single or combined symptoms were euthanized. 

AU mice in the control group (no Protollin) and the groups given 0.3 jig 

25 Protollin met endpoint criteria six days post-chaUenge and were euthanized. Of the 
animals receiving 1 jig Protollin, all were euthanized 6 days post challenge with the 
exception of animals in the group dosed 3 days prior to challenge, in which 5 mice 
survived until 8 days post challenge. Compared to the control group, survival of animals in 
this group constituted a significant delay in the time to death (P<0.05 for the group as a 

30 whole). 
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In the groups given 3 pig Protollin, 30% of animals dosed 6 days prior to 
challenge survived the study; the remaining 70% met endpoint criteria between 6 and 8 
days post-challenge. Although these results suggest that the number of survivors was not 
significantly different from the control group (by Fisher's Exact Probability Test), the time 

5 to death for the group as a whole was significantly different from the control group 
(P<0.001)- Fifty percent of mice receivmg 3 jag ProtolUn, 3 days prior to challenge, 
survived the study (P <0.05 by Fisher's Exact Probability Test); the other 50% of mice 
cached endpoint crit^ia between 6 and 8 days post-challenge. Again for the group as a 
whole, the time to death was significantly different from the control group (P <0-001). 

1 0 In these experiments, the induction of a protective nonspecific, antigen- 

indqjendent immune response occurred above a threshold range of 3-5 jig Protollin, and 
when Protollin was administered 3-6 days prior to challenge. Furthermore, 
co-administration of an influenza antigen (derived from ahomotypic variant of the mouse 
adapted A/H3 influenza stram used for challenge from) with Protollin did not mhibit the 

15 protective innate immune responses. Induction of a protective innate immune response 
was also induced by Protollin comprising another smooth LPS from a Gram-negative 
bacterium - in this instance a non-pathogenic strain of E coli {E, coU 017). 

Experim^t 3 

20 Groups of mice were given Protollin 8, 6, 4, and 2 days before challenge 

and on the day of challenge (30 minutes prior to challenge). Other groups of mice were 
dosed at the same time with Protollin in combination with influenza antigen derived from a 
homotypic variant virus of the mouse adapted A/H3 influenza strain used for challenge. 
Mice were challenged with approx 40 LD50 of mouse ad^ted A/H3 live virus and 

25 monitored for 1 4 days post challenge as described above. 

At the 40 LD50 dose of virus, no animals in the PBS only control group 
survived Despite this lethal challenge, 50% of mice that had received Protollm 6 days 
prior to challenge survived {P < 0.05 compared with control mice; Fisher's Exact 
Probability test). Groups of animals that received Protollin 4-6 days prior to challenge had 

30 the greatest percent survival. Monitoring changes in body weight (a suiTogate of morbidity 
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following infection) in surviving mice indicated that the optimal time for dosing v/as 
approximately 4 days prior to challenge. All mice dosed 2, 4, or 6 days prior to challenge 
lost less body weight than the other mice and began recovering body weight sooner. 

Of the mice given Protollin in combination with antigen prior to lethal 
5 challenge, most svurvivors were in the groups dosed 4 and 6 days prior to challenge (1 00% 
and 60%; P < 0.00 1 and 0.01, respectively, compared to controls). Specific antibody (IgG) 
responses to the influenza antigen would be expected to be less than optimal within 4-6 
days of receivmg antigen. As indicated in the prior e3q)OTments, dianges in body weight 
confiimed that induction of innate immune responses and subsequent protection against 
1 0 mortality and morbidity occurred when mice were dosed during a 2-6 day period prior to 
challenge. 

EXAMPLE 17 

Allergen-Induced Mouse Model of Allergic Asthma 

This Example describes a mouse allergic asthma animal model. Mice 
15 were exposed to birch pollen extract (BPEx) multiple times to stimulate inflammation 
and airway hyperresponsiveness (ie., simulating an allergic reaction). Briefly, six to 
eight week-old BALB/c mice were sensitized on day 0 by a single intraperitoneal (i.p.) 
injection with 8 fig of BPEx (Greer Laboratories, Inc.) and 1 mg aluminum hydroxide 
(alum) (Alhydrogel®, Superfos Biosector, Kvistgard, Denmark) in 150 [il phosphate 
20 bxiffered saline (PBS). After sensitization, mice were then challenged intranasally (i.n.) 
under light halothane anesthesia once daily on days 15, 16, and 17 with 10 ^g BPEx in 
3 6 ^1 PBS (18 jil per nostril). Controls included (1) sham sensitized mice, who 
received 150 \xl PBS i.p. on day 0 and then were challenged i.iL under light halothane 
anesthesia once daily on days 15, 16, and 17 with 10 |ig BPEx in 36 ^1 PBS (18 ^1 per 
25 nostril), and (2) sham challenged mice, \^o were sensitized i.p. on day 0 with 8 |ng 
BPEx and 1 mg alum and th^ received i.n., under light anesthesia, 36 jxl PBS (1 8 p.] 
per nostril) once daily on days 15,16, and 1 7. Eight mice received each type of 
treatment. After sensitization and challenge, mice were given an intravenous (i.v,) 
bolus of methacholine (MCh), a bronchoconstrictor, to induce airway 
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hyperresponsiveness (AHR), Two days after the final challenge {Le., on day 19), 
airway responses (respiratory resistance and elastance) to MCh treatment were 
measured. Additional analyses were performed to assess inflammation. 

EXAMPLE 18 

5 Analysis of Allergen-Induced Mouse Model of Allergic Asthma 

Airway Hyperresponsiveness f AHR"^ 

Determination of AHR was performed as folloy^re. BALB/c mice treated 
as described in Example 17 were sedated by an i.p. injection of xylazine hydrochloride 
(10 mg/k^ and subsequently anaesthetized with sodium pentobarbital (30 n^g). A 
1 0 small incision was made in the neck to isolate the jugular vein, \^*ich was catheterized. 
A tracheostomy was perfonned, and a tube was inserted into the trachea so that the 
animal could be mechanically ventilated. Animals were ventilated quasi-sinusoidally 
(inspiratory to expiratory ratio of 1 : 1) using a small animal ventilator (FlexiVent; 
SCBREQ, Montreal, Canada) with the following settings: a respiratory rate of 1 50 
1 5 breaths/min, a tidal volume of 0. 1 5 ml, and a positive end expiratory pressure (PEEP) 
level of 1 .5 cm H2O. Mice received an intravenous injection of pancuronium bromide 
(0.5 mg/kg) to induce paralysis so that the animals could be mechanically ventilated. 
Heart rate was monitored via EKG to ensure that animals were deeply anesthetized. 
Following inflation to airway pressure of 30 cm H2O to provide a standard volume 
20 history, MCh was given via the jugular cannula in doubling doses &om 20 to 640 
^g/ml. Respiratory system resistance and elastance were measured during the 
oscillation equal to those used during mechanical ventilation before administration of 
MCh and repeated every 15 seconds after delivery of MCh, with peak values reported. 
The airway resistance (Rt) measurement provides a quantitative assessment of the level 
25 of constriction in the lungs - that is, an increase in airway resistance represents an 
increase of airway obstruction, which may be caused by an inflammatory response. 
The airway elastance (El) is a measure of the elastic rigidity of the lung; therefore, 
increased elastance values indicate an increased stiffiiess of the lungs. R^and were 
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calculated with software provided by the FlexiVent manufacturer using multiple linear 
i-egression to obtain the best fit for the following equation: 

P- Pres + Pel + Pin = FRl+ VEl+ K 

in which P is gas pressure applied by the mechanical respirator; Ptes is resistive 
5 pressTire; Pel is elastic pressure; Pio is an inertive pressure; F is flow of gas; V is lung 
volume relative to fimctional residual capacity; and K is a constant (Irvin et al,, Respir. 
Res. 4:4 (2003)). Airway resistance and airway elastance are presented as mean values 
± SEM. Student's t-test was used to determine the level of difference between animal 
groups. 

10 Serum 

Immediately following measurements of airway responsiveness, mice 
were sacrificed by exsanguination via cardiac puncture, the collected blood was 
coatri&ged, and the resulting serum was transferred to a clean tube and firozen. The 
sera were analyzed using ELISAs to determine whether BPEx-specific antibodies were 
15 present 

Bronchoalveolar Lavages (BALs) and Eosinophilia 

Following exsanguination, the descending aorta was cut and the heart 
was perfused with 5 ml saline buffer to remove blood from the lungs prior to 
performing BALs. A total of 4.6 ml saline buffer was instilled through a tracheostomy 
20 canula in an initial 0,6 ml volxmie followed by 4 successive 1 ml volumes. The retum 
from the first 0.6 ml of lavage fluid was centrifuged, and the supernatant was analyzed 
by ELIS A to detect antibodies and cytokines. 

The cells harvested fix3m the initial lavage fluid were resuspended in 
saline buffer and then pooled with cells recovered by centrifugation from the 
25 subsequent four aliquots of lavage fluid. Total cell numbers were counted by using 
trypan blue stain and a hemocytometer. The cytospin slides of BAL cells were 
prepared using a cytocentrifiige (Cytospin model II; Shandon, Pittsburgh, PA). 

Eosinophilia was evaluated in BALs by measuring the percent of 
differentially stained macrophages, eosinophils, neutrophils, lymphocytes, and 
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epithelial cells (Diff-Quick, International Medical Equipnient) in the lavage sanfiples. 
Differential cell counts were detennined by light microscopy from a count of at least 
200 cells. 

Lunp Tissue 

5 Following BALs, the lungs of each mouse are exposed and the left lobe 

is clamped. The largest lobe of the right lung is put directly into 1 0% paraffin. The 
second largest lobe is put in an R>5A extraction solution (Rneasy® RLT buffer; Qiagen 
Inc, Mississauga, Ontario), which is kept at 4°C overnight and then stored frozen at 
-70°C for subsequent use for real-time quantitative polymerase chain reaction (QPCR). 

10 The two other lobes of the right lung are transferred to an Eppendorf tube, immei-sed in 
liquid nitrogen, and then stored at -70°C. Lung horaogenates are prepared and 
supematants are analyzed by EUSA for BPEx-specific and total antibodies and for 
cytokines levels. The left lung is inflated with 5% optimal cutting temperature (OCT) 
embedding compound (Milts Labs, Elkliart, IN) (approximately 25 cm pressure), put m 

1 5 100% OCT with immersion in isopentanol (beaker in liquid nitrogen; r. e. , snap frozen), 
and stored at -70°C, 

Limg tissues in paraffin are sliced, and sections are stained with periodic 
acid-Schiff (PAS staining) for evaluation of mucus production. Paraffin sections are 
also analyzed for the presence of collagen (Van Gieson staining) and eosinophils 

20 (Giemsia staining). In addition, airway damage is assessed in the stained sections. 
Frozen lung tissues m OCT embeddmg compound are sliced and analyzed by in situ 
immunostaming. Eosinophils are quantified by immxmostaining with an anti-mouse 
major basic protein (MBP) antibody. Lung sections are used for the identification of 
cytoldnes (anti-IL-4, anti-IL-5, or anti-lFN-y), T-cells (anti-CD3), and macrophages 

25 (anti^CD68). 

FT.ISAs of Antibody and Cytokine Levels 

ELISAs are used to identify specific antibodies (IgA, IgE, IgGl , and 
IgG2a) and specific cytokines (IL-4, IL-5, IL-lO, IL-13, TNF-a, and IFN-y). Sera, 
BALs, and lung homogenates are analyzed for BPEx-specific and total IgE using the 
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OptEIA mouse IgE set (BD Pharmingen, Mississauga, Ontario). Sera, BALs, and lung 
homogenates are analyzed for BPEx-specific and total IgGl and IgG2a using reagents 
from Southern Biotech Associates, Inc. (Birmingham, AL). Sera, BALs, and lung 
homogenates are analyzed for BPEx-specific and total IgA using reagents from Betiiyl 
5 Laboratories, Inc. (Montgomery, TX). BALs and lung homogenates are analyzed for 
the level of IL-4, IL-5, IL-10, TNF-a, and IFN-^ using reagents of BD Pharmingen 
(Mississauga, Ontario). BALs and lung homogenates are analyzed for the level of IL- 
13 using reagents of R&D Systems (Minneapolis, MM). Antibody and cytokine titers 
are expressed as ng/ml and pg/ml, respectively, deduced &om standards run in parallel 

10 with corresponding recombinant antibocUes or cytokines. 

Quantification of IL-4, IL-5, IL-10, IL-13, TNF-a, and IFN-y by real- 
time, QPCR in lung samples kept frozen in R3SIA extraction solution (as described 
herein) are initiated by isolation of total cellular RNA using the Qiagen RNeasy® Mini 
BCit (Qiagen IncO. The concentration of the RNA extracted is determined by measuring 

1 5 optical densities at 260 nm (OD260), and purity is evaluated based on ODaet/ODaso ratios 
equal to or greater lhan L8, Reverse transcription is perfonned on 1 fig RNA samples 
using Onmiscript™ rev^e transcriptase kits (Qiagen Inc.) in a constant volume of 20 
liL A 1 fil volume from the resulting complementary DNA (cDNA) solutions is used 
for real-time QPCR reactions, which are performed on a LightCycler™ (Roche 

20 Diagnostics, Maimheim, Germany). The reactions include Sybr^Green I as a double- 
strand DNA-specific binding dye in the LightCycler™ -primer set (Search Lc, 
Heidelberg, Germany) for a specific cytokine, or for the S9 ribosoraal protein (control, 
house-keeping gene). 

Airway hyperresponsiveness, as measured by both airway resistance 

25 (Table 1 3) and airway elastance (Table 14), increased in animals that received 
increasing quantities of MCh and that were sensitized and challenged with BPEx 
compared with nfiice that were either only sensitized or only challenged with BPEx, 
Following an intravenous injection of MCh at 320 jJ-g/ml, sensitized/challenged mice 
had airway resistance (12.88 cm HiCsec/ml) and elastance (103.08 cm H20/ml) that 

30 were 2-fold higher than in sensitized/sham mice (p=0.0 14 and p=0.038, respectively) 
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aiid sham/challenged mice (p=0.042 and p==0.084, respectively) {see Tables 1 3 and 14). 
Sensitized/challenged mice, following i.v, injection of MCh at 640 |xg/ml, showed 
airway resistance of 36.63 cm H20.sec/ml and elastance of 359.88 cm HiO/ml, which 
was 3- and 5-fold higher than in control mice that were only sensitized with BPEx 
5 (p==0.0 14 and p=0.028, respectively) and mice that were only challenged with BPEx 
(p=0.03I and p=0,062, respectively), respectively {see Tables 13 and 14). 
Table 13 . Mean Respiratory System Resistance (cm H20.s/ml) in Mouse Allergic 



Asthma Model 



Mch (|ig/ml) 


baseline 


10 


20 


40 


SO 


160 


320 


640 


Group 1: 
sens/chal 


0.66 


0.68 


0.73 


0.90 


1.59 


4.24 


12.88 


36.63 


Group 2: 
sens/sham 


0.69 


0.70 


0.75 


0.93 


1.40 


2.58 


5.67 


10.03 


Group 3: 
sham/chal 


0.69 


0.71 


0.78 


0.97 


1.63 


3.01 


6.11 


8.19 



Data were analyzed by t-test: Group 1 vs Group 2 at 320 |Lig/ml MCh: p = 0.014 
10 Group 1 vs Group 3 at 320 fig/ml MCh: p = 0.042 

Group 1 vs Group 2 at 640 jag/ml MCh: p = 0.014 
Group 1 vs Group 3 at 640 ^g/rnl MCh: p = 0.03 1 



Table 14. Mean Respiratory System Elastance (cm H20)/ml) in Mouse Allergic 
15 Asthma Model 



Mch(|ig/ml) 


baseline 


10 


20 


40 


80 


160 


320 


640 


Group 1; 
sens/chal 


28.89 


30.25 


31.89 


33.99 


37.42 


47.52 


103.08 


359.88 


Group 2: 
sens/sham 


27.63 


28.74 


30.14 


31.70 


34.29 


40,54 


53.08 


71.31 


Group 3: 
shani/chal 


28.48 


29.84 


31.43 


33.58 


37J4 


44.38 


57.82 


64,21 



Data were analyzed by t-test: Group 1 vs Group 2 at 320 jig/ml MCh: p = 0.038 



Group 1 vs Group 3 at 320 |ig/ml MCh: p = 0,084 
Group 1 vs Group 2 at 640 |xg/ml MCh: p = 0.028 
Group 1 vs Group 3 at 640 jig/ml MCh: p = 0.062 

20 

In addition, the combination of sensitization and challenge with BPEx in 
BALB/c mice resulted in eosinophilia. Macrophages, neutrophils, eosinophils, 
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lymphocytes, and epithelial cells were enumerated in bronchoalveolar lavage samples 
(B ALs). The percent of each cell type per total number of cells is presented in Table 
15. In these mice, the percentage of eosmophils (8.26%) and lymphocytes (1 0. 16%) 
was 12- and 4-fold higher, respectively, than in control mice that were only sensitized 
5 with BPEx (p=0.036 and p=0.024, respectively); these values were 3- and 2-fold higher, 
respectively, than in mice that were challenged only with BPEx (]p=0.204 and p=0.320, 
respectively) 



Table 15. Differential Cell Counts (%) in BALs in Mouse Allergic Asthma Model 



Cell Type 


Macrophages 


Neutrophils 


Eosinophils 


Lymphocytes 


Epithelial 
Cells 


Group 1: 
sens/cbal 


74.13 


2.90 


8.26 


10.16 


4.64 


Group 2: 
sens/sham 


86.42 


3.12 


0.66 


2.34 


6.36 


Group 3: 
sham/chal 


73.08 


7.01 


2.56 


5.91 


6.61 



1 0 Data were analyzed by t-test 



EXAMPLE 19 

Protolun-Induced Suppression of Airway Hyperresponsiveness 
AND Airway Inflammation 

The allergic asthma mouse model (as described in Example 18) was used 
1 5 to analyze compositions for suppressing an inflammatory immune response and airway 
hyperresponsiveness (r.e., suppressing an allergic reaction). Briefly, six to eight-wedc 
old BALB/c mice were sensitized i,p. on day 0 with 8 \ig of BPEx and 1 mg alum in 
150 111 PBS. On days 7, 10, and 13 after sensitization, groiqDS of eight mice were each 
immunized i.n. with 10 pi (5 ^il per nostril) solutions of (1) PBS; (2) 10 BPEx; (3) 
20 10 M-g BPEx mixed with 10 jig ProtoUm; or (4) 10 fig ProtoUin alone. After 

immxmization, the mice were then challenged i.n. under light halothane anestiiesia once 
daily on days 15, 16, and 17 with 10 ^ig BPEx in 36 >il PBS (18 jil per nostril). Two 
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10 



15 



days after the final challenge (i.e., on day 19), mice were given an i.v. bolus of MCh 
(20-640 ^ig/ml). Airway responses (respiratory resistance and elastance) to MCh 
treatment, inflammation, and eosinophilia were determined as described in Example 18. 

Sensitized mice that were immunized with a composition comprising 
BPEx vrith Protollin or ProtoUin alone and subsequently challenged i.n. with BPEx, 
showed reduced airway resistance and elastance in AHR measurements as intravenous 
quantities of MCh were increased {see Tables 16 and 17). Following an mtravenous 
injection of MCh at 640 jig/ml, mice treated with BPEx nuxed with Protollin had 
reduced airway resistance (12.54 cm HaO.sec/ml) and elastance (99.73 cm HzO/ml) by 
^proximately 43% and 48%, respectively, compared with mice treated with only PBS 
(p=0.028 andp=0.050, respectively) or only BPEx (p=0.132 and p=0.220, respectively). 
Similarly, Protollin adjuvant alone also lowered aimay resistance (9.71 cm 
HbO.sec/ml) and elastance (69.24 cm H20/mI) by approximately 56% and 64%, 
respectively, compared to mice treated with only PBS (p=0.005 andp=0.009, 
respectively) or only BPEx (p=0.029 and p=0.074, respectively). 



Table 16. Mean Respiratory System Resistance (cm HaO-s/ml) Post- Administration of 



20 



Mch(|j^ml) 


baseline 


20 


40 


SO 


160 


320 


640 


Group 1: PBS 


0.61 


0.68 


0.87 


1.48 


3.27 


9.72 


24.13 


Group 2: BP&c 


0.67 


0.71 


0.90 


1.47 


3.41 


8.81 


19.87 


Group 3; 
BPEx:ProtoUin 


0.63 


0.68 


0.79 


1.17 


239 


6.03 


12.54 


Group 4: 
Protollin 


0.60 


0.64 


0.75 


1.06 


2.00 


4.59 


9.71 



Group 3 vs Group 2 at 640 v^rcA MCh: p = 0.132 
Group 4 vs Grovq) 1 at 640 ^g/ml MCh: p = 0.005 
Group 4 vs Group 2 at 640 jig/ml MCh: p = 0.029 



Table 17. Mean Respiratory System Elastance (cm HzOyml) Post-Administration of 



Mch (Me/tnl) 


baseline 


20 


40 


80 


160 


320 


640 
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Group 1: PBS 


26.33 


28.07 


30.29 


35.05 


4320 


75.16 


205.50 


Group 2: BPEx 


25.61 


27.23 


29.27 


32.33 


40.91 


75.15 


180.82 


Group 3: 
BPBcProtollio 


24.91 


26.56 


28.21 


30.81 


35.50 


48.69 


99.73 


Group 4: 
Protollin 




26.15 


27.98 


30.11 


34.83 


45.50 


69.24 



Data wCTe analyzed by t-test: Group 3 vs Group 1 at 640 ^ig/ml MCh: p = 0.050 



Group 3 vs Group 2 at 640 fig/ml MCh: p = 0.220 
Group 4 vs Group 1 at 640 jig/ml MCh: p = 0.009 
Group 4 vs Group 2 at 640 jig/ml MCh; p = 0.074 

The extent of airway inflanamation in animals was determined by 
enumerating immune cells present in bronchoalveolar lavage (BAL) samples from mice 
treated with PBS, BPEX, BPEX + Protollin, and Protollin alone. The data are presented 
in Table 1 8. Animals that were treated with the allergen BPEx mixed with Protollin 
had reduced levels of BAL eosinophils, approximately 56% and 43%, compared to 
mice that were treated with only PBS (p=0.36) or with only BPEx (p=0,29), 
respectively. Treatment with BPEx plus Protollin ako reduced the number of 
lymphocytes in BAL by approximately 5 1 % and 40% compared to animals treated with 
PBS only (p=0.04) or BPEx alone (p=0.26), respectively. Animals treated with 
Protollin alone had reduced levels of BAL eosinophils, approximately 71% and 63%, 
compared \vith the number of eosinophils from mice treated with only PBS (p=0.28) or 
BPEx alone (p-^0. 14), respectively. Treating mice wdth Protollin alone also reduced the 
number of lymphocytes, approximately 45% and 32% compared with mice treated with 
PBS only (p=0. 1 0) or BPEx (p=0.40), respectively. Lung samples were analyzed for 
the presence of Goblet cells. Reduction in airway inflammation was also indicated by 
the lower percent of mice that had mucous-producing Goblet cells in the bronchioles in 
the group treated with BPEx plus Protollin or Protollin alone (29%; that is, 2 mice out 
of 7 mice in each group had at least 1% Goblet cells of the total number of bronchial 
epithelial cells) compared with mice treated witii PBS only (75%; 5 of 7 mice) or PBEx 
only (50%; 3 of 6 mice). 

Antibodies present in sera that specifically bound to BPEx were detected 
by ELISA using the method described in Example 18. BPEx-specific IgE and IgGl 
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were measured at low levels in mouse sera while BPEx-specific serum IgG2a was 
poorly detectable {see Table 19). Intranasal treatment of animals with Protollln alone 
reduced the levels of BPEx-specific IgE and IgGl by at least 50% compared with mice 
treated with only PBS or only BPEx- 



5 

Table 18. Airway Inflammation: Immiuie Cells in Bronchoalveolar Lavage and 
Perceat IVlice with Mucus Producing Goblet Cells 



Treatment 


Macrophages/ 
Monocytes 

(X lOVml) 


Neutrophils 
(X lO'/rnJ) 


Eosinophils 
(x 10^/ml) 


Lyimphocytes 
(x lOVml) 


Eptthel^ 
cells 

(X 

lOVnil) 


Goblet 
cells 

(%mice) 


PBS 1 


83.0 


9-1 


14.7 


9.4 


18.5 


71% 


BPEx 1 


93.6 


7.0 


11.4 


7.7 


15.0 


50% 


BPEx/Protollin 


66.0 


5.4 


6,5 


4.6 


10.4 


29% 


Protollin 


92.7 


4.9 


4.2 


5.2 


14.4 


29% 



10 Table 19. Allergen Specific Antibody Levels in Sera 



Treatment 


Ig;E(x lOOngAiil) 


IgGl(xIOOOng/ml) 


PBS 


80.77 


28.800 


BPEx 


27:28 


15.945 


BPEx/Protollin 


31.53 


35.839 


Protollin 


9.18 


7.931 



Those skilled in the art will recognize, or be able to ascertain, using no 
15 more than routine experimentation, many equivalents to the specific embodiments of 
the invention described herein. Such equivalents are intended to be mcompassed by the 
following claims. 
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CLAIMS 

We claim the followmg: 

1 . A method for eliciting a nonspecific immirae response, 
comprising administering to a subject an immxmostimulatory composition in an amount 
sufficient to elicit a nonspecific immune response, wherein the inmiunostimulatory 
composition comprises Proteosomes and liposaccharide. 

2. The method according to claim 1 wherein the immunostimulatoiy 
composition is administered by a route selected from at least one of mucosal, enteral, 
parenteral^ transdermal, transmucosal, nasal, and inhalation. 

3. The method according to claim 2 wherein the imraunostimulatory 
composition is administered nasally. 

4. The mefliod according to claim 1 wherein the liposaccharide final 
content by weight as a percentage of Proteosome protein ranges &om about 1% to 
50D%, 

5. The method according to claim 1 wherein the Proteosomes and 
liposaccharide are obtained from the same Gram-negative bacterial species. 

6. The method according to claim I wherein the Proteosomes are 
obtained from a first Gram-negative bacterial species and the liposaccharide is obtained 
from a second Gram-negative bacterial species. 

7. The method according to claim 1 wherein the liposaccharide is 
obtained from a Gram-negative bacterium selected fiom at least one of Shigella species, 
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Chlamydia species, Yersinia species, Pseiidomonas species, Plesiomonas species, 
Escherichia species, Porpkyromonas species, and Salmonella species. 

8. The method according to claim 1 wherein the Proteosomes are 
obtained from Neisseria species. 

9. The method according to claim 1 wherein the Ptoteosomes are 
obtained from Neisseria meningitidis, and the liposaccharide is obtmned from Shigella 
fiexneri. 

1 0. The method of claim 1 wherein the method further comprises 
administering to ib& subject an immunog^c composition after administering the 
immunostiinulatory composition, wherein the immunogenic composition comprises 
Proteosomes, liposaccharide, and a microbial antigea 

1 1 . The method according to claim 10 wherein the immunogenic 
composition comprises at least two microbial antigens. 

12. The method according to claim 1 0 wherein the microbial antigen 
is a viral antigen, a bacterial antigen, a fimgal antigen^ or a parasitic antigen. 

13. The method according to claim 1 1 wherein the at least two 
microbial antigens are obtained from the same microorganism, wherein Ifae 
microorganism is a bacterium, a virus, a fungus, or a parasite. 

14. The method according to claim 1 1 wherein the at least two 
microbial antigens are obtained from different microorganisms. 

1 5. The method according to claim 1 0 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immxmogenic composition to the weight of 
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the microbial aatigen of the immunogenic composition is within a range firom 4:1 to 
1:4. 

16. The method according to claim 10 wherein the ratio of the weight 
of Pioteosomes and liposaccharide of the immunogenic composition to the weight of 
the microbial antigea of the immunogenic composition is within a range from 1:1 to 
1:500, 

1 7. The method according to claim 10 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to flie weight of 
the microbial antigen of the immunogenic composition is within a ran^ jfrom 1 : 1 to 
1.200. 

1 8. The method according to claim 1 0 wherein the microbial antigen 
is recombinant 

19. The method according to claim 10 wherein the microbial antigen 
is a bacterial antigen. 

20. The method according to claim 19 v^dierein the bacterial antigen 
is obtained from Bacillus anthracis, Chlamydia trachonvxtis. Yersinia pestis, or 
Enteropathogenic Escherichia colL 

2 1 . The method according to claim 20 herein the bacterial antigen 
is Protective Antigen j&om Bacillus anthracis, 

22. The method according to claim 10 wherein the microbial antigen 
of the immunogenic composition is a viral split antigen. 
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23. The method according to claim 22 wherein the viral split antigen 
is an influenza split antigen. 

24. The method according to claim 10 wherein the immunogenic 
composition is administered about one to about ten days after the imraunostimulatory 
composition. 

25 . The method according to claim 1 0 wherein the immunogenic 
composition elicits an adaptive immune response, 

26. The method according to claim 1 wherein the nonspecijfic 
immune response is an iimate immune response that prevents or treats a microbial 
infection. 

27. The method according to claim 26 wherein the microbial 
infection is a viral, parasitic, fiingal, or bacterial infection. 

28. The method according to either claim 1 or claim 10 wherein at 
least one of the immunostimulatory composition and the immunogenic composition 
further comprise a pharmaceutically acceptable carrier 

29. A mefliod for treating or preventing a microbial infection, 

comprising: 

(a) administering to a subject an immunostimulatory 
composition, wherein the immunostimulatory composition comprises Proteosomes and 
liposaccharide, in an amount and under conditions sufficient to elicit an iimate immune 
response; and 

(b) administering to the subject an immimogenic 
composition, wherein the immunogenic composition comprises Proteosomes, 
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liposaccharide, and a microbial antigen, in an amovint and under conditions sufficient to 
elicit an adaptive immune response, 

such that the microbial infection is treated or prevented. 

30. The method of claim 29 wherein the immunostimulatory 
composition of step (a) is administered about one to aboiit ten days before the 
immimogenic composition of step (b). 

3 1 . The method according to claim 29 wherein each of the 
immunostimulatory composition and the immunogenic composition is administered by 
a route selected from at least one of mucosal, enteral, parenteral, transdermal, 
transmucosal, nasal, and inhalation. 

32. The method according to claim 29 udiereiu the 
immunostimulatory composition aud the immunogenic composition are administered 
nasally. 

33 . The method according to claim 29 wherein the liposaccharide 
final content by weight as a percentage of Proteosome protein ranges from about 1% to 
500% in each of the immunostimulatory and immunogenic compositions. 

34. The method according to claim 29 wherein the Proteosomes and 
the liposaccharide of the immunostimulatory composition are obtained from the same 
Gram-negative bacterial species. 

35. The method according to claim 29 wherein the Proteosomes and 
the liposaccharide of the immunogenic composition are obtained from the same Gram- 
negative bacterial species. 
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36. The method according to claim 29 wherein the Proteosomes and 
the liposaccharide of the immunostimiLlatory composition are obtained from different 
Giam-negative bacterial species. 

37. The metiiod according to claim 29 wherein the Proteosomes and 
the liposaccharide of the immunogenic composition are obtained from different Gram- 
negative bacterial species. 

38. The method according to claim 29 wherein the Proteosomes of 
the immxmostimulatory and immunogenic compositions aie obtained from Neisseria 
species. 



39. The method according to claim 29 v^erein at least one of the 
liposaccharides of the immunostimulatory and immunogenic compositions is obtained 
from at least one of Shigella species. Chlamydia species, Yersmia species, 
Pseudomonas species, Plesiomonas species, Escherichia species, Porphyromonas 
species, and Salmonella species. 

40. The mefliod according to claim 29 wherein the Proteosomes of 
each of the immunostimulatory and immimogenic compositions are obtained fix)m 
Neisseria meningitidis ^ and the liposaccharide of each of the inamunostimulatory and 
immuno^nic compositions is from Shigella flexnerL 

41 . The method according to claim 29 wherein the immunogenic 
composition fiirther comprises at least two microbial antigens. 

42. The method according to claim 41 wherein the at least two 
microbial antigens are obtained from the same microorganism, wherein the 
microorganism is a bacterium, a virus, a fimgus, or a parasite. 
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43. The method according to claim 41 wherein the at least two 
microbial antigens are obtained from different microorganisms. 

44. The method according to claim 29 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weight of 
the microbial antigen of the inamunogenic composition is wfliin a range from 4:1 to 
1:4, 

45 . The method according to claim 29 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weigiht of 
the microbial antigen of the immunogenic composition is within a range from 1 : 1 to 
1:500. 

46. The method according to claim 29 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weight of 
the microbial antigen of the immunogeoiic composition is witiiin a range from 1 :1 to 
1:200. 

47. The method according to claim 29 wherein the microbial antigen 
of the immunogenic composition is recombinant. 

48. The method according to claim 29 whwein the microbial antigai 
of the immunogenic composition is a bacterial antigen. 

49. The method according to claim 48 wherein the bacterial antigen 
is o\ABmed from Bacillus anthracis. Chlamydia trachomatis, Yersinia pestis, or 
Enteropathogenic Escherichia coli. 

50. The method according to claim 49 wherein the bacterial antigen 
is Protective Antigen from Bacillus anthracis. 
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5 1 . The method according to claim 29 wherdn the microbial antigen 
of the immunogenic composition is a viral split antigen. 

52. The method according to claim 5 1 wherein the viral split antigen 
is an influenza split antigen. 

53 . The method according to claim 29 wiierein the immunogenic 
composition is admuiistered about one to about seven days after the immunostimulatory 
composition. 

54. The method according to claim 29 wherein the microbial 
infection is a viral, parasitic, fungal, or bacterial infection. 

55. The method according claim 29 wherein at least one of the 
immunostimulatory composition and the immunogenic composition fiarther comprises a 
pharmaceudcaUy acceptable carrier. 

56. A method for altering an inflammatory immune response, 
comprising administering to a subject an immxmomodulatory composition in an amoxmt 
sufficient to alter an inflammatory immune response, wherein the immunomodulatory 
composition comprises Proteosomes and a liposaccharide. 

57. The method according to claim 56 wherein the 
immunomodulatory composition is administered by a route selected from at least one of 
mucosal, enteral, parenteral, transdermal, transmucosal, nasal, and inhalation. 

58. The method according to claim 57 wherein the 
immunomodulatory composition is administered nasally. 
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59. The method according to claim 56 wherein the liposaccharide 
final content by weight as a percentage of Proteosome protein ranges from about 1% to 
500%. 

60. The method according to claim 56 wherein the Proteosomes and 
liposaccharide are obtained from the same Gram-negative bacterial species. 

61 . The method according to claim 56 wherein the Proteosomes and 
liposaccharide are each obtained from dififoent Gram-negative bacterial species. 

62. The method according to claim 56 whorein the liposaccharide is a 
from Gram-negative bacterixraa selected fix)m at least one of Shigella species. 
Chlamydia species, Yersmia species, Pseudomonas species, Plesiomonas species, 
Escherichia species, Porphyromonas sp., and Salmonella species. 

63 . The method according to claim 56 wherein the Proteosomes are 
obtained from Neisseria species. 

64. The method according to claim 56 wherein the Proteosomes are 
obtained from Neisseria meningitidis and the liposaccharide is obtained from Shigella 
flexmri. 

65 . The method of claim 56 further comprising administering to the 
subject an immunogenic composition after administering the immunomodulatory 
composition, wherein the immimogenic composition comprises Proteosomes, a 
liposaccharide, and an antigen. 

66. The method according to claim 65 wherein the immunogenic 
composition comprises at least one microbial antigen. 
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67. The method according to claim 66 wherein the at least one 
microbial aotigen is viral, bacterial, fungal, or parasitic, 

68. The method according to claim 65 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weight of 
the antigen of the immunogenic composition is within a range from 4:1 to 1 :4, 

69. The method according to claim 65 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weight of 
the antigen of the immunogenic composition is within a range from 1 : 1 to 1 :500. 

70. The method according to claim 65 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weight of 
the antigen of the immxmogenic composition is within a range from 1 : 1 to 1 :200. 

7 1 . The method according to claim 65 wherein the antigen of the 
immunogenic composition is recombinant. 

72. The method according to claim 65 wherein the antigen of the 
immunogenic composition is bacterial. 

73 . The method according to claim 72 wherein the bacterial antigen 
is obtained from Bacillus anthracis. Chlamydia trachomatis. Yersinia pestis, or 
Enteropathogenic Escherichia colt. 

74. The method according to claim 72 wherein the bacterial antigen 
is Protective Antigen from Bacillus anthracis, 

75. The method according to claim 65 wherein the antigen of the 
immunogenic composition is a viral split antigen. 
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76. The method according to claim 75 wherein the viral split antigen 
is an influenza split antigen* 

77, The method according to claim 65 wherein the immunogenic 
composition is administered about one to about ten days after the inmiunomodulatory 
composition* 

78 * The method according to claim 65 v^erein the immunogemc 
composition elicits an adaptive immune response. 

79. The method according to claim 56 wherein the inflammatory 
immune response is asthma, 

80. The method according to claim 56 wherein the inflammatory 
immune response is an allergic reaction. 

8 1 . The method according to claim 56 wherein at least one of the 
inununomodulatoiy composition and the immunogenic composition furth^ comprises a 
pharmaceutically acceptable carrier. 

82. A method for treating or preventing an allergic reaction* 

comprising: 

(a) administering to a subject in need thereof an 
immimomodulatory composition, wherein the immunomodiilatory composition 
comprises Proteosomes and a liposaccharide, in an amount and under conditions 
sufficient to alter an inflammatory immune response; and 

(b) administering to the subject an immunogenic 
composition, wherein the immunogenic composition comprises Proteosomes, 
liposaccharide, and an allergen, in an amount and under conditions sufficient to elicit 
tolerance to the allergen, 
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such that the allergic reaction is treated or prevented. 

83 . The method of claim 82 wherein the immunomodulatory 
composition of step (a) is administered about one to about ten days before the 
immimo^nic composition of step (b). 

84. The method according to claim 82 wherein each of tiie 
immimomodulatory composition and the immunogenic composition is administered by 
a route selected from at least one of mucosal, enteral, sublingual, parenteral, 
transdeimal, transmucosal, nasal, and inhalation. 

85 . The method according to claim 84 wherein eadi of the 
immunomodulatory and immunogenic compositions is administered nasally. 

86. The method according to claim 82 wherein the liposaccharide 
final content by weight as a percentage of Proteosome protein ranges from about 1% to 
500% in each of the immunomodulatory and immunogenic compositions. 

87. The method according to claim 82 wherein the Proteosomies and 
liposaccharide of the immunomodulatory composition are obtained fiiom the same 
Gram-negative bacterial species. 

88. The method according to claim 82 wherein the Proteosomes and 
liposaccharide of the immunogenic composition are obtained from the same Gram- 
negative bacterial species, 

89. The method according to claim 82 wherein the Proteosomes and 
liposaccharide of the immunomodulatory composition are obtained from different 
Gram-negative bacterial species. 
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90. The method according to clahn 82 wherein the Proteosomes and 
liposaccharide of the immunogenic composition are obtained from different Gram- 
negative bacterial species. 

91. The method according to claim 82 wherein the Proteosomes of 
each of the immunomodulatory and immunogenic compositions are obtained from 
Neisseria species. 

92. The method according to claim 82 vdierein the liposaccharide of 
at least one of the immunomodulatory composition and the inununogenic composition 
is obtained from at least one of Shigella species. Chlamydia species. Yersinia species, 
Pseudomonas species, Plesiomonas spedes, Escherichia species, Porphyromonas 
species, and Salmonella species. 

93. The method according to claim 82 wherein the Proteosomes of 
each of the immunomodulatory and Immunogenic compositions are obtained from 
Neisseria meningitidis, and the liposaccharide of each of the inununomodulatory and 
immunogenic compositions is obtained from Shigella flexneri. 

94. The method according to claim 82 wherein the immunogenic 
composition frirther comprises at least two allergens. 

95. The method according to claim 82 wherein the allergen is a 
microbial antigea 

96. The method according to claim 82 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weight of 
the allergen of the immunogenic composition is within a range from 4: 1 to 1 :4. 
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97. The method according to daim 82 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weight of 
the allergen of the immunogenic composition is within a range from 1 : 1 to 1 : 5 00 . 

98. The method according to claim 82 wherein the ratio of the weight 
of Proteosomes and liposaccharide of the immunogenic composition to the weight of 
the allergen of the immunogenic composition is within a range fiom 1 : 1 to 1 :200. 

99. The method according to claim 82 wherdn the allergen of the 
immunogenic composition is recombinant. 

1 00. The method according to claim 82 wherein the allergen of the 
immunogenic composition is a bacterial antigen. 

101. The method according to claim 82 wherein the allergen of the 
immunogenic composition is selected from at least one of an inhaled particle, pollen, 
vapor, gas, food, beverage, drug, toxin, microbial antigen, dander, animal-derived 
compounds, dust mite feces, polypeptide, carbohydrate, and nucleic acid, 

102. The method according to claim 82 wherein the allergen is a 

pollen. 

103. The method according to claim 102 wherein the pollen Is birch 

pollen. 

104. The method according to claim 82 wherein the immunogenic 
composition is administered about one to about seven days after the inununomodulatory 
composition. 
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105. The method according to claim 82 wherein Uie allergic reaction is 

asthma. 

1 06. The method according to claim 82 wherein the allergic reaction is 
at least one of allergic alveolitis, allergic bronchopulmonary aspergillosis, allergic 
conjunctivitis, allergic coryza, allergic dermatitis, aUergic vasculitis, and allergic 
rhinitis. 

107. The method according to claim 82 wherein at least one of the 
immunomodulatory composition and the immunogenic composition further comprises a 
pharmaceutically acceptable carrier. 

1 08. The method according to either claim 26 or claim 29 wherein the 
microbial infection is a viral infection. 

1 09. The method according to claim 1 08 wherein the viral infection is 
an influenza viral infection. 

110. A method for treating or preventing a microbial infection 
comprising admmistering to a subject an immunostimulatory composition in an amoimt 
suflHcient to elicit an innate iirmiune response, wherein "flie immunostimulatory 
composition comprises Proteosomes and liposaccharide. 

111. The mefliod of claim 1 1 0 wherein the microbial infection is a 
viral, bacterial, parasitic, or fungal infection. 

1 12. The method of claim 1 1 1 wherein the microbial infection is a 
bacterial infection. 
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1 1 3. The method of claim 1 1 2 wherein the bacterial infection is a 
Chlamydia trachofnatis infection. 

1 1 4. The method of claim 1 1 0 wherein the microbial infection is a 

viral infection. 

115. The method of claim 114 wherein the viral infection is an 
influenza infection. 

116. The method according to claim 110 wherein the 
imraiuiostimulatory composition is administered by a route selected from at least one of 
mucosal, enteral, parenteral, transdermal, transmucosal, nasal, and inhalation, 

117. The method according to claim 116 wherein the 
immunostimulatory composition is administered nasally. 

1 1 8. The method according to claim 1 10 wherein the liposaccharide 
final content by weight as a percentage of Proteosome protein ranges from about 1% to 
500%. 

119. The method according to claim 110 wherein the Proteosomes and 
liposaccharide are obtained from the same Gram-negative bacterial species. 

120. The method according to claim 110 wherein the Proteosomes are 
obtained from a first Gram-negative bacterial species and the liposaccharide is obtained 
from a second Gram-negative bacterial species. 

121. The method according to claim 110 wherein the liposaccharide is 
obtained from a Gram-negative bacterium selected from at least one of Shigella species, 
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ChlainycHa species. Yersinia species, Pseudomoms species, Plesiomonas species, 
Escherichia species, Porphyromonas species^ and Salmonella species. 

1 22. The method according to claim 1 1 0 wherein the Proteosomes are 
obtained fix>m Neisseria species. 

1 23 . The method according to claim 1 1 0 wherein the Proteosomes are 
obtained fi-om Neisseria meningitidis, and the liposaccfaaride is obtained from Shigella 
flexnerU 

1 24. A method for treating or preventing an influenza virus infection 
comprising administering to a subject an immunostimulatory composition in an amount 
sufficient to elicit an innate inunune response, vyiierein the immunostimulatory 
composition comprises Proteosomes and liposaccharide. 

1 25 . The method of claim 1 24 wherein Proteosomes are obtained from 
Neisseria meningitidis^ and the liposaccharide is obtained from Shigella flexneri. 
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Manufacture of Proteosome Bulk Material: FLOW CHART 1 A 



Production seed, K metiitigitzdis Group B» 
GC war pfatcs, 5% 00?. 37^fi ovtnnght 



3 X IL shaker flasks medhim inoculated 
Incubated at 37^ C for 4 '^^hoiin 



30 L feraieatation media, agdate at 
37^CpH7J.air 



300 L ferocmtatton media, agitate 
37^CpH7.5,air 



300 L fermentation inoculated 



agitation rate vaned to maintain 
dissolved O2 



Phersol &cation, harvest m 
contimtous fccdcentrifiige 



Fermentation to stationary 
by pD«)p (3 to 6 hours) 



lUsQSpend paste in , 6.0% En^igen BB> CaOj 
buffer, pH 5,0> Blend and dilate w/WPI 



I 20%EtOH.r(,Cei^eel0.800ai5gmu4^C ^ ^ 



45% EtOH rt, Oentiifiige 10.8000, W min. 4^ C 



fixtmct pellet withbaffiarof 
NaCl ; Tris / EDTA 1 1 .0% &apigcn, pH 8.0 

i Centnfiige iStllStXSK 0. 20ima 4*^C ~ 



Discard pellet 




Repeat pellet extracts save atpqnatant x2 



Pool supcmatantB fiom three extractioiis 

; 



(NH4)2S04 precipitation, redissolve pdlet In 1% 
Bmpigen/ Tris buffer pH 3,0 (up to x3) 



Redissolve pellets in 1% TEEN pH 8*0 

i 



Cotnhme siqiematants* concentiatet diafilter vs. 
EmpiBcii/Tris/WaCa/buflferpHM 



0. 8 iim ttr 0.4S pm or 0:22 ftm Bltsation 



PROTBOSOMEBULK, 
stored at •aye 



FIG. lA 
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Manufacture of Proteosome Bulk Material: FLOW CHART IB 



Ptoducuon seed» K. mcnrngitidis Group B, 
(stFain 8047) 
seeded onto GO agar plates, 
5% COj, ovemiriir 



3 XIL shaker ilaskscf 
Modified CaUin's medium moculaled 
Incubated at 37^ C for 4 -6 hours 



30 L fennentattOD 
ModiHed Cathn's med^ supplemented with 
F^(SO0a, 2 - 400 tpm agitation ratB*, 
37*^ Cv pH 7,5, 30 L/inin> air 



300 L fermeatation 
Modified Cadin^s media supplemented 
with Fe}(SO0}. 2 • 400 rimi aigilation rate** 
37** q pH 7 J, 300 L/ndn, air 



300 L fermentation inoculated 
when ODaa = 2,0 



* agitation rate vaded to maintain 
dissolved 02 2! 25% 



I^enol fxxatioa. harvest in 
contmuous feed cqitnfoge 



Fennentatson to stationazy 
by OP«io ^ to 6 hours) 



Rcsusprad paste in L M acetate, pH 5.0 

Blend and dilute L5 : 1 wAVH 
Add - vol. 3 M CaCla, 6.0% Empigcn BB 



20% EtOH, ILT. or refrigerated, EtOH 

ranges (10 -40%) 
Centnfiige 10^00 XG, 15 mm. 4" C 




♦ 


— ► 


Discard pellet 


Concentrate supernatant to ODisq 2: ^'0, ^ 
diafilter on 10,000 MW membrane into 0.15 
MNaCL0.05MTtis, 
0.01 M BDTA. 0.1% Empiisett, pH 8.0 




i 




0.22 pm aseptic filtiation 




PKOTEOSOMBBULK, 
stoe:^at-20^C 



FIG. IB 
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Manufacture of S. flexneri 2a LPS: FLOW CHART 2 



Production $eed S. flex. BS 103 uto 
SXILshakcrQasksof 
trypccase soy broth s^L with 
gliu:oseajuIMgS64 
Incubated at 37* C X 16 - 24 hours 



300 L fecmentatioiL tryjHicase sqy brD& suppL 
vMb gliscose and MgSO^ 
250 tpm agjL* 37* Q pH 7.5, 



Cool to 10^ C harvest in 
ccnUnttOus.feed coiinfugc 



* Agitation rate varied to maintain 
dissolved 02^25% 



Fermentation (o staticmary 
byODfioo(9-10houK) 



RelQfdtaK^pflsieX t honratRX 
in 3 oiLof 0^ MN^a 0*005 M BDTA and 10 
mg l^zyme per g paste 



A<ld DNasc to 50 u/mL and MgQa 
To 0.02$M ina 30 mia at 



T 



Homogenize mnucxoi^dtzer» 
14.000 to \9,e0Qpsi 



I Fresh DNase U> jOq/iaL inc. 30 mSa at R.T 



Heat to 68" Q add - vol 90% phenol 
Incrfwte 68* C X 3D min., shaking 



I Cfe, at 4^ Chyyest aqueous phase 



Rqpeat extiacnon.of phenol phase x 2 

withWnat68^C 
pool all aqueoqs phase matenals 



Add EtOH to 15%, CaClj to lOnM 
Inc. 1 hi, at R.T., cfe IO>OOQ X Q 



Concentrate^ diafiltei on 10,000 MW membrane 
into 0.15 M NaCl 0,05 M Trfs, 0.01 M BDTA, 
0.1% Empfficn, pH 8.0 




002 urn aseptic iUnation 



i IJSBULK>5tare-80''C I 



FIG. 2 
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Manufacture of IVX-908 Proteosome-LPS AdjuvantFLOW CHART 3 
} Thaw Ptoteosome Bulk j 



niaw LPS bulk 



Add Envigen or otha^ 
dete^ent such as Tnton 
X400 or U^AO to final 
concentration of 0.1-2% 



Mix LPS aud proteosome bulks 
so that the liposaccharide ccmtoit 
IS between about 13% and 300% 
of the total pro tgm 



Add En^igcn or other 

detergent to final 
ccmcez^ratiDn of OJ-2% 



Remove deiergent and eflfect 
complexing by diafiltration in 
10,000 to 100,000 MW cutoff 
hollow-fiber, tangential flow or 
other diafiltration cartridge with 
EBS or Tris buffer, pH 6-9 

dialysate 



ConcQitxate in 10,000-100,000 
MW cutoff cartridge 



Ac^'ustto5.0mgf^inL 
proteosome protein wifli 
PBS or Tris buffer, pH 6-9 



Monitor removal of 
detCTg^t e.g. ISapigffn to 
< 150 ppm in penneate by 
Coonoassie Blue assay at 
OPsas 



Modified Lowry Assay 



IVX-908 Pjroteoswne-LPS Bulk, 
stmlc filter and store at ^ -2y C 



FIG. 3 
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Figure 4B 
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Figure 5A 
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Figure 5B 



120 



§ 80 
I 60-^ 

(0 

20 
0 



"x-x-x-x-x-x-x 



-0 — 2.5pg Protollin 
-r^i — 1|jg Protollin 
-^x~0.25Mg Protollin 
-E^-- Opg Protollin 
*0"- Alhydrogel (Ijin. 
— Control 



4 8 12 t6 20 24 28 
Days post challenge 



wo 2005/042017 



PCT/US2004/035041 



8/11 



Rgure 5C 
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Figure 5D 
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Figure 6A 
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Figure 8A 
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